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Introduction to the Persian Journal of Agroecology

It is very appropriate that a new Journal of Agroecology has appeared in a part of the world that
history tells us is where some of the earliest organized crop farmers and animal managers in the
world first began their work. The traditional farmers of the Persian region are famous for their
ability to design and manage sustainable agroecosystems, making them some of the first
agroecologists. Their extensive knowledge about water conservation, dryland farming, irrigation,
crop and animal domestication, to name a just few of their abilities, have long served as models of
wise natural resource management under limiting environmental conditions.

Traditional agroecosystems have developed in the region that are complex systems of
interrelated activities focused on the work of each household unit, and their relationships with local
communities. Crop farming, animal husbandry, and local handicrafts all combine to provide year-
round participation of the entire family. A large variety of animal and plant products, available
throughout the year, provide food security that withstands major environmental limitation
(especially from drought) and socio-economic uncertainty (especially from market fluctuations).
But perhaps most importantly, many farmers of the region live and work within the limitations of
the ecological backdrop within which they are located, using local resources and inputs. The
ecological and social sustainability of agriculture in such systems is strongly interdependent.

But modern agriculture in the region, as in most parts of the world today, is rapidly displacing
this local, traditional knowledge. New sources of energy and technology, most often dependent on
non-renewable and costly external inputs, have helped raise yields dramatically. A strong focus
has been placed on production for distribution to distant markets that are not in touch with the local
understanding of the limits to agroecosystem design and management.

Over the past few decades, the long-term costs and liabilities of the introduction of these modern
farming techniques have been documented. Soil and water degradation, loss of agricultural
biodiversity, contamination of air and water by pesticides and fertilizers, and increased pest and
disease resistance to agrichemicals, are just a few of the environmental problems faced by
agriculture today. And the loss of productive agricultural land to urban and industrial development,
the displacement of farmers from the land to the cities, and the frequent hunger and poverty in rural
regions have become all too common problems on the social side of agriculture.

This journal offers a forum for the re-building of a sustainable agriculture for the region. Using
the ecological concepts and principles, local agroecologists can provided a firm foundation for
designing and managing the sustainable agriculture of the future. On the one hand, agroecological
studies of traditional agriculture can point out the strengths and values of local knowledge. On the
other hand, an agroecological analysis of modern agriculture can point out both the strengths as well
as the weaknesses of new technologies. A combination of local knowledge and new understanding,
all tested by an analysis of sustainability, can once again provide the natural resource conserving,
economically sound, and socially equitable agriculture needed for the future.

I congratulate Dr. Alireza Koocheki and Dr. Reza Ghorbani of the Faculty of Agriculture at
Ferdowsi University in Mashhad, Iran, for this big step forward for agroecology and sustainable
food systems. They are both pioneers in this field and a valuable example for students and farmers
of the region.

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Table 2- Analysis of variance for the effect of different intercropping patterns with bean on yield components and seed
yield of sunflower
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ns, * and **: Non-significant and significant at 5 and 1% probability levels, respectively.
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Table 3- Means comparison of yield components and yield of sunflower in different intercropping patterns with bean
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mg) ratio (%0) y e
(mg) (g.m?) Biological index (%)
yield (g.m™)
oSl (el cuss 58.40%" 40,57 69.49% 353 975% 33.95%
Sole crop of sunflower
B SBTHTS | Ly 625 58.16% 30.34° 67.66% 202" 920" 31.75%
25% Bean with 75% sunflower
0S50 L Ly 650 56.67° 30.85% 70,42 201° 7116 28.21°
50% Bean with 50% sunflower
Ol Ss1 %25 1 L %75 51.55° 32, 55¢ 63.38° 122 509° 23.91¢
75% Bean with 25% sunflower
b, Sl %100 |, Log! %25 5g.532¢ 37.97% 65.44% 3192 9842 32 3g%°
25% Bean with 100% sunflower
RREAL 0,
ol 6100 L L) %50 59.53° 43.65° 73.20° 316 803 35.41°
50% Bean with 100% sunflower
b, %100 L, Log) %75 53.35° 35.14°% 65,72 2510 g47%be 29 59
75% Bean with 100% sunflower
o, %100 L Ly %100 51.66° 32.63° 63.18° 241% 814 29,56

100% Bean with 100% sunflower

L5185 LSD 9051 Loleol p 2o y> iy Jloin] gl 3 (65 dme S ¢ygiar j2 )3 S e gy (s (slapuSile *
* Means within a column followed by the same letters are not significantly different based on LSD test.

oAlS S L alie 0 a8 eS8 3l o Ll oy
103 62 3 o0yt 53 xBgy p5 TLEY ()b &8 o Skl
2 bRl wls 5 Slas (391 by ol nl e o s tals
OO 109 25 L Lg) 003 15 30l bogloe Sl
Mashhadi et al., ) sae—ie (slaal b islojl ol gobs ol
ol a5l Lyl (pSolye dowlie .l Sinlon (2016
a8 )3 bag @515 Gl L oS conl cnl 5l (S 5 yedids IS
a8 g C b 8l SISl Sy g IS (gl
S byl 4 (43147 4 48130 cwsp @) yre udg IS ol
QAL iS5 ol ST L L) s 100 ol Lgkse
il by be S o @S gygb 4.5 3l o, Sl
AL coiS Jlas L acuglio )3 b, Soldl b Lugl a5 100
290 )55 0 Sy Jido IS 5k 5l o) 10 Galjal 51 oo Kokl
CtS Jlagi 5> by IS Sl Jds &S sy g0 5k (5 Jgo2)

2 gy Aoy oymdlols | bg) 3, Sles & plagl ]
g a5l 5, Slas 90 YU s 4 10 ] oo cawd @ 4l 3, Sles
A5l sy o Sl (alls cutS Jlog 3 (g Lo
Ol Lilidl cde o Yloin! o Hasl 5l a0 0 gy 3 )Sles
S e > (Sl ot oo o> BB 355
g oialS gy doy iy |y Log) w515 we ) 25 51 i
STy (SedBeagzun (8 Jgan) bl Jtalidl gy 1o
OSan g g, ¢ (Szumigalski & Acker, 2006)
by lste cutS wyp yd cudy 4 5 (Carruthers et al., 2000)
9 pAS Wb plig duopd (g YU cle yguwmyd g dg5umpS
59950 ladiss huwgi (159 )i Sl 4 |y byliee cuiS 3 03
20D s bgus
p)5 HAIS8) gy 5 )Slas (2 5iaS B Jsie @l 4 g b
251 Loy 3o 3 15 (0350l bglsen S jlogs 4y (oo
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by Lo oS slajlas (olod )3 p55 5w Sp Jido)lS” e b 5595 Carts 0, SN L Lg) 1i0y> 100 1331 boglse
S Gt ) el cpl Sl g 35yl US4 G casS o)l > (Ghosh et al., 2006) ()l)San g (595 5L Lug)
31 Cenas Lgar bawgs 33950 oS wlazals pMel (Sorghum bicolor L.) #s3 yem ¢ bgw bl

IR S Sloguas 2 L) b bl CuilS il clagS 1 il ly 42325 -4 Jgaa
Table 4- Analysis of variance for the effect of different intercropping patterns with bean on quality characteristics of

sunflower
i 2ile Gilaayy g e gy e g s gy 3y5es Fodud i il ,8
SOV df Qil (%) Oil yield Protein (%) Protein yield SPAD reading
NS ns ns ns ns ns
Replication 2 0.26 497 1.21 132 1.02
il 555 o . . o -
Planting pattern 7 3.66 3655 2.01 641 10.01
s
14 0.36 313 0.48 62 2.09
Error
(03] s 2 - 1.39 15.66 3.24 14.04 3.14

CV (%)

2oyd Ky g g Jlein] o 53 )b dxe g b dxepé cuip 4 FF o * s

ns, * and **: Non-significant and significant at 5 and 1% probability levels, respectively.

begd L byl CudS’ cilisen gSUl 53 ()15, K1 (i Olpoguas: (Kl dmglie =5 Jgo
Table 5- Mean comparison of quality characteristics of sunflower in different intercropping patterns with bean

R Mo yd " - =J1 48
S 51 w2y Of9) 38 es ~ g5 38 kes Jd?)ls =
: . ¢ 99 . g o
. * S S
Planting pattern O:&(%;) Cgﬁe";g:; ( 'an’:_)z) Protein Pr()('[é,(e});’?e)l d 'z;gn'z) SPAD
° y g (%) y 9. reading
OB palls cuis 44.16% 157.82° 20.31° 71.69° 43.47°
Sole crop of sunflower
o SABTHTS L Loy 425 4332 129.00% 20.85" 60.88" 44,37
25% Bean with 75% sunflower
ol 53T K50 L Ly %50 42.00 84.53° 22.18° 44.58° 4736°
50% Bean with 50% sunflower
ST 425 | Ly %75 41.10° 50.55¢ 22.30° 27.20° 47.16°
75% Bean with 25% sunflower
oo,k 1100 L Ly %25 44.37° 139.41° 20.61° 65.64% 44,39
25% Bean with 100% sunflower
ol S HL00 L Ly 50 43.59® 137.97° 21.18% 66.93" 46.13®
50% Bean with 100% sunflower ' ' ' ' '
oo 531 6100 b Ly K75 42.86% 105.42% 22.17° 55.53° 47.82°
75% Bean with 100% sunflower
ol3,%:k31 %100 L Lyl %100
100% Bean with 100% 42.50% 99.78" 22.14° 53.24° 48.30°

sunflower

35,5 LSD 9051 Luliol 2 duoy s Jloin o 13 (65 ime BN ¢y5m y 0 S jidio By (sl (sloypuSilo *
* Means within a column followed by the same letters are not significantly different based on LSD test.
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Py e il lajles 8t cow ab Ja iy o
oy GRS S5 ) iy bgliks S

5 a5b 0y Shos oyt (Bl iliBie slagSl e
4 3lto (oo 3 2,5 993 5 305 s 4) Sojglses 5,Slae
75 jSle bybe cusS Jlosi b o 39 Lug) palls cusS jlos
oialS il s ine VST 5l Sl 1s3 25 | Lug) s s
sy RNl 58 g Sl bl slacuis )3 Ly o515
@ Bl ialS (S 93 o ¢ dal il bglse CuiS ) laigS
p)5 383 582 iy 4) Sujlgm 9 b 3 Shas (508 Sispsb
1L Loy 20)3 25 (0 jS0le bglsee ot jlas 5l (@pnyie 5
25 o)l blse oS Hlow b a8 sl cowd 4 o0, S0k8] oy
(T Jgies) xials )3 o)lel 09,8 o )3 o, Kbl b Lug) o>
Ghosh et ) ol Sinlen ), Simgh plo laasl b zbls oyl
.(aI., 2006; Mahfouz & Imager, 2004; Mazaheri, 1998
oo 4 s (1) 4/49) Log) sy (adls lire (it
oS 26,5 315 oISl L g oy 5 il bolsn S
L Ly 4033 100 5 50 —aljdl bgloeo i’ slmlos L
3,Slas LialS 4 S1.(7 Jgio) coilys Jb me M3 ol Slisl
9 ) ealiie byl culS slajlas 3 Sufglsn g 4ib
byl G 3 o <y Sajlom 3,5kat 2 208 fn
Ctby (el o] dod o a8 35 b 3 Sles | ity o2l
alb 3)Shos ialS" Gline &S gpsbo 4l Rl bajlass ol )
L Loyl oy 15 (il by lvo ctS jlad > Sl
518/69 iy an Log) palls cusS jlos 4 s oo, S8
Tsubo et al., ) ohLSen 5 geui (7 Jogan) 390 0> 23/96
« (Maffei & Mucciarelli, 2003) J LSl 4 5l 5 (2001
Mentha ) glis 5 Log-c)d byl ctS L)l L s
bl s aolie ol 4 Lgwm(piperita L.

Lol siedad g ls cul 5 g (i g o Slas
Fodbs S il B g nop S Jleinl gdaw )3 (5659 3 )Sles
I3 inlejl slajlos 1815 oot oy oty Jloisl paws
6,85 )8 otalejl slales 1L o (g Aoy (g iid S
3 ol g 2 )8les Cdio i ) ke duglio (6 Jgi2)

Ly o Slas g o Slas 5l 50
5y Slas sl 5y Slas cash Ao i g jd B Slus
oS doyd Sy Sl g )3 ugl by (adls g SoSlse
23,5 )15 R b Sl g il bl sl 3G
3 gixe M )3 wils slaws p twlejl (slaylews 51 Jg (6 Jsis)
(6592 ;> M 12/93) wigy )5 B laws oy i (6 Jgi) i
G Sl L gl o3 50 (o331 bglses S o &
50 L Lo 10y3 50 (S0l bogloe S Jlo b oS b8
Sy oo a5 4 (T Jgo) cadlss sl me B3] 1, Klid] wsy
15 gl 5 oslizad bl LlsEl 5 (lisS gy culd, Lials &S
s (gl gy S lop olS 45 ol el 398 Lo
by pyd S 8, & ola ] Sl cmoren S Ky 3 B
@39 4 3 5 03,5 03l 8 lgte 4y ol Sl sl 0y
o8l ioly 8l aigy o M sl Loy (s Sy p )0 e yiag
cutS wyp b 30 (Ujjinaiah et al., 1991) o) Sen 5 zllusg
5 b 3, Shae 4 1555 S sy sl 5 ol ] gl
SIS ST A Camd ()b gixe pobo & Lug) Wy > S Sl
» = (Saleem et al., 2003) ) LSen ¢ palow .l yiols3l

03,5 QIS 1y otebin o5 o 5 ol ST L S
wwl Bl ol b o o9 bgle 1 Log (ST ials' L
Plae 5 88 Sy cnl Oliee n S 9 n i Sygb 4
25 05%ls byl cuiS slajles jlog p)5 25/26 4 31/50
100 —ilidl by lsee coiS g b, Kol 4oy 75 L Lug) sy
oSl )5 UL (T Jgas) dol cows a4 o)1, 50L8T b Lug) doyd
> 100 20 bl 038 3 o) s S sl
ol bl cuiS o 93 o onizeen g )Rl L Loy
25 i)l bglsee oS g 15,50kl asyd 75 L Lug) s y> 25
il 3y >y Soli aily do 59 ki 1 o,50kET b Loyl as
csS oyl s (Poor Amir et al., 2010) o,LSen o puolyor
&S 15,8 555 ¢35 9 (Sesamum indicum L.) souS bl
o gyl dbg e Cuaw ay S ST g wib lia e
Asgharipour & ) sély 5 y9 (s pimol §aio y D (oioljl
Plantago ) oyl bylxe cis cq, 45 35 (Rafiei, 2010

wsl lebsl s plool (Lens culinaris L.) i 4 (ovata L.
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gl )b, 50L8T b Loyl doy> 25 iuliél bolsee cuiS jlow b o
(1 Jses) caslos I e

i Jlos & Sy ol lise cpimeS b alld ctS g5y
el 3l Skl 4o 75 L Loy e yd 25 350l byl

b S Cluoguas 93,Sae 3,Sos (5151 2 I, SUT b bylbce S Cillte (sagS 1 uilly 4325 - 6 Jgao
Table 6 - Analysis of variance for the effect of different intercropping patterns with sunflower on yield components, yield
and quality characteristics of bean

o FULIRPY] o <dlyd
-, 3 BYE alaws &:’9 Gy s SSkes 5,5los R . 3es - g 15
o gl sl Gy No. of b Soiden by o e o
SOV g 100- . : Protein .
No. of pod seed Seed Biological Harvest Protein  SpAD
df 1 Seed - - . percentag - -
per plant . per yield yield index yield readin
weight 1
pod g
M, 34" 089" 016" 1786™ 2775  15.88° 397  105™  2.58™
Replication
S 555 " " " " " " \
Planting 7 6.46 17.42 0.05™ 18394 117135 122.98 1.17™ 584 4.35
pattern
2losl ol
oS 14 0.16 0.12 0.11 654 6470 2.47 2.01 35 1.23
Error
( ;‘:’) T 3.60 124 1203 1202  11.46 5.38 7.51 1471 222
P
2o)d S5 g g Jlein] aaw 53 )b dne g )b dmept i 4 FF 3 * NS

ns, * and **: Non-significant and significant at 5 and 1% probability levels, respectively.

i 55 JinlS olisn el imacgn 8y by lS e
0l (yoyl3 S 50 500 e lawgl ((gillule b 4 bl
(Ghosh et al., 2006; Hamzei, 2012) ¢l

b glae ouls b))l slagaala
WLl Glire dx STl adld pb 4y (padls (pu)p b
455 93 Om ) b e o)Ll L (g 29005 03 (LS Jguarme
Loyl (saiedgaw dn Coud los oo bolste caliste (slajlog )
IS sl Lilasl > (Daryaei et al., 2008) 5,5 cylad
139y S0y §) pieS ey sl gyl bgls S (glaS]
ol by lste csS (ghiodguw odimd Ui el oyl a5 (8 Jouo)
by e ciS g9y y2 295 el 3 55 (Poggio, 2005) 5.5,
(Hordeum vulgare L.) g o (Pisum sativum L.) S ,b 950
3 s e an byl lipl o L5 oS i L

ol (51565 500 ol

P Lad o810 ptals L o0, Slee 5o 5 €855 )8 otlel
Loy gy 2)Slas Wl ials 3l bl slacas
3Slas yialS 35 e oS Lugd 103 25 (ST Jlag
BYsy Ly by b cis > (Vicia villosa L) Silo (pisg

du)mybmuy Ogp Aoy &S pl 4 dng L

(Leon et al., 1995) el ouis )55 ;5 (Avena sativa L.)
S e o 48 3b (L (T i) lapySile duylie
i3l bl cutS jlass jlagy 2l 52 Jaleo 48 2o b 1S
0 Ld i cpyieS b Jols 1, Kl3T b Loyl s> 100
251, Logd 103 15 (030l bslses i jlo @ i ibo S
oSy o Skl (ST Bl b s S sl ol okl ws )y
byl i 55 o 251y > oS5 Gl 5 23S Do
OBl > sy oo s a8l GljEl J89 )1 (asll ¢ ool
Sy = Ly gilulalu il ol YU slawSly o L,k
byly b plals a5 cas lg e oS ajle 4 ail (K0S
ol 155 iy ) i d o Ll ol 4 el o



499 .ol ST (a0 (5 12 o 9 iaS 9 505 3 Khos aslllae

O3,50UET b bl CulS’ lises (5gS1 13 Lug) s dadg IS 3143 g 3 ,Sdos 3 yShos (51501 Sl duylie =7 Jgua
Table 7- Means comparison of yield components, yield and SPAD reading of bean in different intercropping patterns with
sunflower

ald o (39

4l 3 ,Sdos S jolgm 3,50es

) L ) ; Codld 3 s L - Judg IS &1,
Cuils 5o Wy 3 S Slasd (o5) 25 (&rose 2 05) (a0)9) o
. No. of pod per - iologi
Planting pattern Iant'? P 100- Seed weight (@205 ) Biological Harvest index SPAD
p Seed yield yield o ;
(9) (@m?) (@.m?) (%) reading
oyl %75 1 Log) %25
259% Bean with 75% 9.15% 31.50% 82¢ 469° 14.28° 50.25°"*
sunflower
ol Kot %50 1 Log) %50
50% Bean with 50% 12.55% 29.10° 217° 739 29.43% 49.97™
sunflower
ol %ol %25 1, Log) %75
75% Bean with 25% 12.00" 27.50° 269% 870® 31.08™ 48.74°
sunflower
Loyl Ll cuzs
S 11.50% 26.50° 305° 993* 30.74"™ 48.96°
Sole crop of bean
ol,3ks1 %100 L Lyg) %25
25% Bean with 100% 11.72% 31.00% 106 383" 27.75° 48.88°
sunflower
ol,3ks1 %100 L Lyg) %50
50% Bean with 100% 12.93° 30.00° 230" 689° 33.44% 50.19°%
sunflower
ol,3ks1 %100 L Lug %75
75% Bean with 100% 11.12° 26.92° 248" 719° 34.49° 51.47%°
sunflower
oyl %100 L Loy %100
100% Bean with 100% 8.95° 25.26° 245" 755° 32.43% 52.00°°
sunflower

L5)15 LSD (9051 (bl duoy> iy Sl gedans 53 ()l sine BB ¢ g0 5 3 S o By y> (sl (sl oSl *
* Means within a column followed by the same letters are not significantly different based on LSD test.

bolseo CuilS oyl g ad bl w15 S0ld] g lug) belsko cuidS 151 -8 Jgua
Table 8- Effect of bean and sunflower intercropping on evaluation indices of intercropping

Lowi
I T T T T T T T
Treatment ' 2 : ! ° ® !
03 Sl Sl 9 128 122 125 166 152  1.48
Land equivalent ratio
<y a3l 0.56 0.3 0.25 0.2 0.03 0.09 0.11

Competition index

50 25 isl58l bolse casy & T7 6 Ta g s, 50kl iLug) 75:25 5 50:50 25:75 55l bglsee cuiS sy 4 Ta b Ty
2,k b Lugl 4,5 100 475
T, to Ts: Replacement intercropping of 25:75, 50:50, and 75:25 for bean:sunflower and T, to
T-: additive intercropping of 25, 50, 75 and 100% bean with sunflower, respectively.

O 05 Sl S &8 b (LS ctlS cilio (glagSl o)
o5l ol ol bl %03 )le 4 .0l o 1/66 4 1/09
coiS LiSa So 5l Jgame (13y9] cund 4 lp Lislejl
b 5 009 oo sl 0930 5 oo, S8l 5 Lug) bl
(635 Sdae b g, S 5 S SG 3 (3Ll e i 0/66

,» (Tohidy Nejad et al., 2004) L Sen ¢ 355 o>y

Al Cand (ol s 4 ), S0k8] g @) bgle cutS )y p
oS la g > wnl osd pastie 8 Jada 0 a5 jobjlea
Sy oamdlis oS Canl Sl giin e sl Cons bl
&S gysb 4 il oo ST A G 465 90 (pl byl S
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o=l g e 2ly; e 5 edlid Sl )3 s, 66 i3l
slipl om (Seidlsire 9 (Seigdmied M 529 o 4 cuje
1518 5 5950 blso cuiS )3 ol ol bl o bl ot
Banik et al., 2006; ) 3455 ¢ piS 4 (Kumar & Singh., 2006)

ol 013 5yl (Mashhadi et al., 2016

S gppade 08 Jols (allb y balsw 3 Slae b Jolae
S 131 faSny O S & g 855 3 gl
]33] gl oS (S 53 0l s wlio I olil > by
5 (0/03) culs) Jasls plie 58 (ST L Lug) 203 50
4 oo 45 o olaisl 3 4 1y (1/66) LER 5 oy yidicn

3

60 -
ab
50
. b
o
= 40
E{,[_l
Z 30
L]
E
e 204 €
&
10 I
0 = T T T
T T, Ty

a
| C
Ty i i

4

ab ab ab
¢ B 1 T

z

) i 3,50ae 2 (13,5001 L blbes ol cilisie slagl 31-1
Fig. 1- Effect of different intercropping patterns with sunflower on protein yield of bean
100 475 50 25 _olsal bglswo cuiS sy 4 Ta b T g Lugd Lalls cuiS 5 ol S0l iLygd 25:75 5 5050 (75:25 iyl biglses S sy 4 T4 b Ty)
(o1, T b Lug) 2oy
(T to T4: Replacement intercropping of 25:75, 50:50, and 75:25 for bean: sunflower and bean sole crop, and Ts to Tg: additive
intercropping of 25, 50, 75 and 100% bean with sunflower, respectively.)

L) LSD (g0l olsl oy gty Jloin) s )3 (65 sime M| (JS5 1 S jtdhia gy gyl (gl Silio
Means within a Figure followed by the same letters are not significantly different based on LSD test.

oanliio 13,5kl b Log aoyd 50 iol53l bglsee Sl p
66 _uljdl 5l LaassS 5l SO pa aiSSH b dunlio > &S L3
4 liwd Ghalojl (] )3 39 )5 e (Sy90 ¢ ) Sy
2 4565 90 bl slacuis & wad o olis S 5l YL LER
whie yolie 5,5 Jols o lame lio | ol cuis' b aulio
bl coiS glial dois 3 g 03, odlaiwl (55,550 job 4
PYL ol )l iolojl ases 4 av 5 b (JS 50 . blodgs o JoSo
5 dm olidss ol il bylre cois 1 asy 50 )

S 35 4
S o bais 1S 0 Slas oS oyl o) de (o o
0,8 lee culps o (Jg bl ialS iSO L awslis pd bl
Loyl Lol slacass I jmiw byl slacuis ;> 455 ¢ S
CoisS gliedgw (o)l calise sla sl aS g0k 4 g
PGS & G 455 93 byl CulS (55 3l L bgla
e Sply s byl claylas olos p3 iy agyl 51 S

LER (500 oy yiiin 090 S5 5l a8 <oy (ot 9 S 5 iy
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Introduction

Intercropping is an old and widespread practice used in low input cropping systems in many areas of the
world. In fact, intercropping is claimed to be one of the most significant cropping techniques in sustainable
agriculture, and many researches and reviews attribute its utilization to the number of environmental benefits
from promoting land biodiversity to diversifying agricultural outcome. Furthermore, it is thought to be a useful
mean for minimizing the risks of agricultural production in many environments, including those typical of under-
developed or marginal areas. Intercropping systems, especially those employing non legumes with legumes,
have several major advantages such as higher total yield and better land use efficiency (Dhima et al., 2007), yield
stability of the cropping system (Lithourgidis et al., 2007), better utilization of light, water, and nutrients
(Javanmard et al., 2009), improved soil conservation and better control of pests and weeds. Intercrops including
of legume are common in agriculture ecosystems, but now are rarely used in developed countries, except for
certain intercropping systems used for animal feed. Intercrops can use the available environmental resources
more efficiently and thus result in higher yields than mono crops. The reasons for the higher yield in such
systems is that the intercropped species do not compete for exactly the same growth resource niche and thereby
tend to use the available resources in a complementary way. In particular, non legumes seem to be more
competitive for soil inorganic nitrogen (N) than legumes due to faster and deeper root growth and higher demand
in N. Consequently, the legumes usually increase their reliance on symbiotic N2 fixation. In the present study, it
was aimed to assess the production of biomass, yield, grain quality and land equivalent ratio (LER) in plant
society of sunflower/bean.

Materials and methods

This experiment was carried out with aim of evaluation of the yield, seed quality and LER in sunflower and
bean intercropping based on a randomized complete block design with three replications and nine treatments at
Bu-Ali Sina University during growing season 2010-2011. Additive intercropping of 25, 50, 75 and 100% bean
with sunflower, replacement intercropping of 25:75, 50:50 and 75:25 (bean:sunflower) and monoculture of
sunflower and bean were the experimental treatments. SAS procedures and programs were used for analysis of
variance (ANOVA) calculations. The significance of the treatment impact was determined using F-test by
measuring significant differences between the means of the treatments, and least significant differences (LSD)
were estimated at the probability level of 5%.

Results and discussion

Results indicated that with shifting from sole cropping toward intercropping, seed weight, kernel weight,
kernel to seed ratio, seed yield, biological yield, harvest index (HI), oil percentage and yield and protein yield
decreased significantly, but protein percentage and SPAD reading increased. The highest sunflower seed yield
(353 g.m-2) without significant difference with additive intercropping of 50% bean with sunflower observed at
sole cropping of sunflower. Except seed number per pod and protein percentage, the effect of treatments was
significant on pod number per plant, 100- seeds weight, seed yield, biological yield, harvest index, yield of
protein and SPAD reading of bean. Maximum vyield of bean recorded in bean sole cropping treatment. In all
intercropping treatments, the value of LER was more than one and the value of competition index (CI) was less
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(*- Corresponding author Email: j.hamzei@basu.ac.ir)

DOI: 10.22067/jag.v8i4.31250



1395 (liuno; & oyles 8 alor o530las ol pgy 4,25 D04

than one. Treatment of additive intercropping of 50% bean with sunflower had the lowest CI (0.03) and the
highest LER (1.66).

Conclusion
Therefore, it seems that additive intercropping of 50% bean with sunflower treatment is suitable treatment for
maximum production in society of sunflower and bean.
Keywords: Competition index, Land equivalent ratio (LER), Seed quality, Sole cropping, Oil yield
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Table 1- Evapotranspiration equations and their parameters in each equation

Codle
ddlro oL aalzo oy
Equation Equation ;s;mbol
Cuile = ety ~ g6 0.408A(R, -G )+ _ %0 U,E, —e,) FAO56
. n 2\*s a -
FAI\(z-Pepn;fin- Tmin +Tma>< +273 PM
ontietl ETo = 2
A+y(1+0.34U,)
ETo =a+b {P(0.46T +8.13)}
Jus - a=0.0043RH ——-1.41 B
Blaney-Criddle N
n
b =f (RHmin’N_’Ud)
25 ETo =00023R, (Lmn *Tmec 17,87 47 308 H-S
Hargreaves 2
Tmin +Tmax
23.8856R, +50
ETo =0.0133, 2 s T
Tmin +Tmax /1
Sy 72 +15 .
Ture RH >50 »a =1
RH <50 > a, = 1+M
70
95 7 by ETo-2 2 (R —G) P-T
Priestley-Taylor AA+y
oy oy ~ 10T V(D (N _
Thornthwaite ETo =16N,, ( I j 12 1 30 W
= ETo - 23.9(0.025T +0.08)R, IH
Jensen-Haise 59
Sisflo ETo=061—2 R 01 M
Makkink A+y A
Tmin +Tmax
0 Mol 5 = Cyuai> ETo = 0.408RSCT (T —TX)
Modified M-J-H
Jensen-Haise T, = —2.5—0.14(exp[w]—exp[w
T, +237.3 T, +237.3
(Ry) e ETo =0.489+0.289R _ +0.023T IRn
Irmak (Rn) n
Rd st ETo =-0.611+0.149R,_ +0.079T I-Rs
Irmak (Rs)
o9t s ETo =0.0856D,, +0.244 L-J
Lowry-Johnson
ETo=K,(E,) Pan

Pan




e ades jl SeMbl o ylimo (clage,Solul 5 clanlis
o b ol e elie 50 (o)lel labs slass 5 oo sl
= o bl cgl5e 4 osd o3y olasdl Ol Hlade 5,3
Hleasly s U jlide opl sl ascie odlitul )40 (o] wlie
(0392 295 B g)lje b Ol (ool e aliols o8 ol 59) Jlis
bly s ) 035 3590 (bl OF G .08 2ol S50 30
duglio ol = oty =16 (B bawogi 005 (sl S b (8l
YRS
= S 5E Jele (pytage gy i LIS (g3l ) g
L odls jl (glacgozme (ST sy ) 50 aid odlaiiw] §ya5 = puoes
Sloas sdaliio (gpw Moliss 5V 95 Xi (539y9 p3lio
g Coabad pae (15,5 b olSST il anils 3439 (5 dolao) asgoro
ool o as im0 L 6 dbles Sygo @ 1) of dlas ool
Ot el (Bolad pite [l 1y il e sl S)lgon
L oS aibe NI, K] ol 2 LlS g0l a8l oo Ut 3l
Gk (295 9 2909 polie P (Solwen ()5S0 05
Remsean et al., 2008; NOOIT ) L5 oo (yuni 8 o 7 (slaalslao

(et al., 2009
{(%,y;).1<i<M} ()
Y= (X, %0 X)) +T (6)
1M 2
O (k)zﬁZ|XN(i,k) _Xi| 1<k<p (7)
i=1
1 X 2
)= an —¥| 1<k<p @
i=1

e (7 (K), Oy (K)) ssgozme P o sy il L

(9 aslas) sael Cd s yguaSy b s 51 (o pe ol LalS
sl e

y=A0+T 9)

Cunl (2955 slaodly uilyls I sy snias lis LIS Hlude

“ O 55 s )S) B3 cad 93,5 35l Wl e Jao Lasgs oS

Sz 2l e ol ke 4y g Cusl Jao (St otimd

a4 e 6,50 el VIatio g sl i j6 e

olly 2 cadsles ol )3 o 595 oo iy, (10) dslee 90

A eilo = oty = 9l Ja osd Sl (sla e byl sl
Lladae plo | Jols qulbs 5 ad a5 )lai ) a0y Jio plgie
ol s Caad RZ 6 EFY MBE? RMSE! (clao,bof 1 3liz
S4B L cladslee > iy 4 olal oyl 505 samiw Jdo
Remsean et al., 2008; Trajkovic & ) Gl 03 03
(Kolakovic, 2009

(1)

o (2P -P)O, -O)) "

SR -P)Y© -0)

Jaie O goui ay90 ) luie P 398 claatsles
s (e © o gl polie Sl P o (s S sl
oylel Hldo . sb o Lavduslio dlis plp N g osd (60500l
yie Al ;5S35 o 4 42 b g 039 Cute o)lyen RMSE
e J2e a8 ol opl osimd s MBE ool cauto o ol
(i Lo g ol 03,8 35l yy (oaBly Jlado 51 iy |y Cagho
Cowd 4 (5SS dae Cagb) 3yglp 50 Jde &5 cal oyl ,Silo
g asl po Wosly il cons saims ylis EF jlde .cawl 6l
JoU Gl gloj 2 S B el pp i 3 ol o e ke
Qs b g S oy S U o JIR? Jhde .ol yuize baodls
Al ge ooy yige il eaiedlis il SSo5 S
Joi 53 00 &yl LS ops 5l i ol S5 e Sl
L, (Sepaskhah & Kamgar-Haghighi, 2009) s calswl 2

1- Root mean square error
2- Mean bias error
3- Efficiency factor



1395 (liwe) & oyl 8wl 15 5y9liS ol pgs a2 D10

Vratio = L (10)
o (y)

2 &S Gl K gy o (o33 el pl Hlde LAl e il
Remsean et al., ) ol yiiy Jio cdd a3l 505 yho 4 4
(2008; Noori et al., 2009

2y Jad (b )3 olyhe; (AU o po -2 Jgsa
Table 2- Saffron crop coefficient during the growing season
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Table 3- Comparisons of different evapotranspiration equation with FAO56-PM evapotranspiration in Birjand
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Fig. 2- Comparison of different evapotranspiration methods with FAO56-PM evapotranspiration
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Table 4- Comparisons of different evapotranspiration equation (determined with single-parameter presented in this table)
with FAO56-PM
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Table 5- Results of gamma, gradient, standard error and V-Ratio by deleting each parameter
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Introduction
Saffron (Crocus sativus L.) is a subtropical plant mostly cultivated in South Khorasan and Khorasan Razavi

provinces, Iran. Total saffron production is about 200 ton all over the world, and since it is native to Iran, the
country has an important role to produce saffron. In recent years, drought showed a significant effect on water
resources in Birjand, South Khorasan. Due to lack of full equipped meteorological stations and sufficient
lysimetery studies, over irrigation and deficit irrigation are mostly common among saffron farmers. The cause of
saffron yield decline is mostly related to irrigation. In addition, farmers need the simple equation/formula to
determine the water demand, so, it is necessary to present a single and simple equation. Regarding to this
purpose, this study was conducted to achieve mentioned goals: 1) determination of the best evapotranspiration
equation, 2) comparison of saffron water need based on 12 most relevant evapotranspiration equations, and 3)
determination a single-parameter model to rapidly and accurately estimate saffron water need based on gamma
test (due to lack of all FAO-Penman-Monteith parameters in all Birjand’s meteorological stations).

Materials and methods

This study was conducted using meteorological data collected from Birjand’s synoptic station during 1984-

2014. This station is located at longitude 59° 21' E and latitude 32° 87' N and elevation 1491m. Twelve
evapotranspiration equations (Blaney-Criddle, Hargreaves, Turc, Priestley-Taylor, Thornthwaite, Jensen-Haise,
Makkink, Modified Jensen-Haise, Irmak (R,), Irmak (R;), Lowry-Johnson, Pan-Class A) were evaluate to
determine the best accurate one. To compare the 12 evapotranspiration equations results with FAO-Penman-
Monteith equation (FAO56-PM), four statistical criteria (R,, MBE, RMSE and EF) were used. In order to
comprise saffron water demand to actual water used, amount of irrigation water for saffron cultivation in Birjand
plain was measured during 2014. In addition, saffron yield was recorded during this growing season in this
region. In order to propose a single parameter and accurate model based on easily accessible meteorological
parameters, gamma test was also employed.

Results and discussion

Results of coefficient of determination (R?) were acceptable (>0.9) for all equations except Turk. The results
showed that Blaney-Criddle, Modified Jensen-Haise and Hargreaves had better accuracy compared to other
equations so that their root mean square errors (RMSE) were 0.572, 0.721 and 0.945 mm. d?, respectlvely In
addition, saffron water requirement determlned W|th FAO56-PM was equal to 2350 m*.ha™.y™ . Hargreaves
equation, with differences about -161.23 m*ha™y’ compared with FA056 PM Was determined as a good
equation. Measured irrigation water by saffron farmers was about 1184.17 m*.ha™.y™. According to the results it
found that deficit irrigation was applied by saffron farmers. Saffron grow in arid regions, however, drought stress
have a negative effect on its plant development and yield (Khorramdel et al., 2014; Khashei Siuki et al., 2015).
Despite the lack of doing no test about the effect of deficit irrigation on saffron yield during 2014 in this region,
it seems that deficit irrigation may be a reason of low saffron yield (SYASK, 2010) compared to average
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Engineer and Assistant Professor of Department of Agronomy and Plant Breeding, University of Birjand, Iran,
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saffron yield in this region.

Results of gamma test revealed that temperature is a key parameter to develop a single model. In addition,
results showed that the single parameter model based on temperature had better accuracy compared to above-
twelve mentioned equation.

Conclusion

Hargreaves equation was only used the temperature (T) and extraterrestrial radiation (Ra) for estimating
evapotranspiration. In addition, single parameter equation based on the mean temperature was only used one
parameter (T) to estimate the evapotranspiration. Since both of the equations had an acceptable accuracy to use
in this region, it is recommended to use them to determine saffron irrigation demand. It is due to lack of
meteorological equipment for estimating all parameters in the plain.
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Table 2- Value of recorded essential oil components of various ecotype of cumin

Ol 5 sboasle kel ol oS
Components Retention index Esfahan Khorasan Kerman
Osiga 928 0.33+0.009  0.18+0.008  0.24+0.004
a-Thujene
o 939 0.51+0.008  0.57+0.005  0.44+0.015
o-Pinene
ol 950 0.53+0.014 - -
Comphene
0‘#'6 981 0.14+0.071  8.79+0.152  10.39+0.343
B-Pinene
el 986 0.34+0.017 - -
Sabinene
O 989 1.16+0.032  0.73+0.022  0.81+0.040
Myrcene
ol 1003 1.79+0.083  1.83+0.083  1.83+0.091
o-Phellandrene
oy 1015 0.2240.008  0.16£0.008  0.18+0.009
a-Terpinene
OesP 1027 5.12+0.266  4.14+0.370  8.82+0.228
p-Cymene
P 1030 0.11+0.003  0.77£0.020  0.81+0.014
f-Phellandrene
Jofe -84 1031 - 0.86£0.043  0.73+0.047
1,8-Cineole
it 1061 19.57+0.210 14.07£0.699 15.03+0.210
y-Terpinene
Iy 1089 0.15£0.004  0.17+0.006  0.18+0.005
Terpinolene
S i 1093 - 1.41+0.073  1.23+0.010
o-Pinene
sypallipngs 1247 20.60+1.023 32.70+0.844 29.30+1.053

Cuminaldehyde
JFT-olexd -tep

. 1274 11.87+0.589  4.98+0.128 4.89+0.176
p-Mentha-1,4-dien-7-ol
J‘_7_.dﬁ):_Y 1304 23.40+1.162 24.10+0.622 19.70+0.708
y-Terpinene-7-al
okég5-P 1425 0.30+0.015  0.08+0.002  0.32+0.011
B-Caryophyllene
oo - 95.14 95.54 94.90
Summation
p-Cymene S 5 oy blod 5 (ao s 5/12) sl § (o) Al as us eanlie (il Lol dlisl s oy p
a0 93 oyl )0 Sy cpl olise 5 A0 LS g yie cals Py & glels s glhasl (oS slaedg B-Pinene oS

(2 02 53 (30 8182) Lo 059 J ol csfoosinm b A1) byt 0355 .2 Jyia) 522 5 g b Jgl oy
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Introduction

Cumin (Cuminum cyminum L.) is an annual plant that commonly cultivated in arid and semiarid regions of
Iran. The crop has a wide range of uses including medicinal, cosmetic and food industry. Cumin occupies about
26% of total area devoted to medicinal plants in Iran. However, cumin is seriously affected by the Fusarium wilt
and blight diseases. The diseases usually increase under warm and wet conditions.

Control of the diseases incidence is a crucial factor for cumin production. Limited control of the diseases is
provided by seed pre-sowing with certain fungicides such as benlate. Soil fumigation with methyle bromide can
provide a control measure against the disease but may be limited application value for large scale production
systems in the open field. In addition, methyle bromide is considered an ozone-depleting compound and has
potential risk on the living environment and human health. Considering the environmental limitations of
chemical fungicides, it seems appropriate to search for a supplemental control strategy .It was demonstrated that
peak of the diseases incidence is occurred at flowering stage and irrigation cut-off in this time may be reduced
the diseases density.

Materials and methods

This experiment was conducted in a split-split-plot arrangement in randomized complete block design with
three replications in research farm of Shahid Bahonar University of Kerman at 2014. The experimental
treatments were irrigation (complete irrigation and cut-off the irrigation in flowering stage) assigned to main
plots, foliar application of spermidine (0, 1 and 2 Mm) as subplot and cumin ecotypes (Kerman, Khorasan and
Esfahan) that was randomized in sub-subplot. The seedbed preparation was made based on common practices at
the location. Plots size under the trial was 4 mx3 m so as to get 50 cm inter row spacing in six rows. The ideal
density of the crops was considered as 120 plant.m. As soon as the seeds were sown, irrigation continued every
10 days. Foliar application of spermidine was done at three stage (after thinning, before flowering stage and
median of flowering stage). No herbicides and chemical fertilizers were applied during the course of the trials
and weeding was done manually when necessary.

For extraction of cumin essential oil, from each plot, cumin seed were crushed at 50 g by electric grinder and
suspended in 750 mL distilled water. Ground mass was subjected to hydro-distillation using Clevenger's
apparatus. After 4 h, the essential oils were collected and dehydrated with Na,SO, using the method of Guenther.
Then essential oil yield and percentage was determined. GC/MS machine (Shimadzu GC/MS model QP5050)
was used to specify the percentage of cumin essential oil components.

Results and discussion

The results showed that irrigation and ecotype treatments had significant effect on essential oil percentage
and yield, but there was not significant difference between foliar application levels in terms of the traits. The
irrigation cut-off treatment caused to increase in percentage and decrease in yield of essential oil compared to
complete irrigation conditions. The pharmaceutical value of medicinal plants depends on their secondary
metabolite components and these materials are increased by stress. Therefore, drought stress caused to higher

1, 2 and 3- MSc Student, Assistant Professor, Department of Agronomy and plant Breeding and Research Institute
Horticulture, Faculty of Agriculture, Shahid Bahonar Univercity of Kerman, Iran, respectively.
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secondary metabolite including essential oil. The seed yield in comparison with essential oil percentage had
more effect on essential oil yield. The traits were significantly higher in Kerman and Khorasan ecotypes than
Esfahan. The highest essential oil yield (14.92 kg.ha™) was gained in 1 Mm spermidine for Khorasan ecotype
and the lowest (6.87 kg.ha™) was observed in 0 Mm spermidine for Esfahan ecotype. p-Cymene, y-Terpinene,
Cuminaldehyde, p-Mentha-1,4-dien-7-ol and y-Terpinene-7-al were contained the main components of essential
oil in all the ecotypes. The most important component of essential oil in Kerman and Khorasan ecotypes was
Cuminaldehyde and in Esfahan was y-Terpinene-7-al. In essence, Kerman and Khorasan ecotypes had more
similarity based on components of essential oil Similar compounds are reported by lacobellis, (2005), Fanaei et
al. (2006) and Jirovest and Buchbouer, (2005).
Conclusion

In essence, irrigation cut-off in flowering stage caused to significant increase in percentage and decrease in
yield of cumin essential oil compared to complete irrigation conditions. Kerman and Khorasan ecotypes had
higher essential oil percentage and yield than Esfahan. The most important component of essential oil in Kerman
and Khorasan ecotypes was Cuminaldehyde and in Esfahan was y-Terpinene-7-al.

Keywords: Cuminaldehyde, Drought stress, Essential oil components, Medicinal plant, Terpinene
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Fig. 1- Interaction of crop residue and fertilizer on seed yield of wheat
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There are no significant differences between averages with similar overlap range according to standard error.
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Fig. 2- Interaction of crop residue and fertilizer on biological yield of wheat
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There are no significant differences between averages with similar overlap range according to standard error.
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Fig. 3- Interaction of crop residue and fertilizer on number spike per m? of wheat
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Vetch residue, CR;: Mungbean residue and CRg: No crop residue incorporation
NPK;: 180N-120P-100K, NPK,: 140N-90P-80K and NPK3: 90N-60P-40K
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There are no significant differences between averages with similar overlap range according to standard error.
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Fig. 4- Interaction crop residue and fertilizer on number seed in spike of wheat
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There are no significant differences between averages with similar overlap range according to standard error.
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Introduction

Integrated nutrient management involving crop residue/green manures and chemical fertilizer is potential
alternative to provide a balanced supply of nutrients, enhance soil quality and thereby sustain higher
productivity. The present experiment was undertaken to evaluate the effect of different crop residue management
practices and NPK levels on yield components and yield of wheat.

Materials and methods

Field experiments were conducted during 2012-2014 at department of agronomy, Chamran University.
Experiment was laid out in a randomized block designs in split plot arrangement. With three replications. Crop
residues were assigned to main plot consistent CR;: wheat residue; CR,: rape residue; CR3: barley residue; CRy:
barley residue + vetch; CRs: wheat straw + mungbean; CRs: vetch residue; CRy: mungbean residue; CRg: No
residue |ncorporat|0n as main plot and three NPK fertilizer rates: Fy: (180N-120P-100K kg.ha™); F: (140N-90P-
80K kg ha™); F: (90N-60P-40K kg.ha™) as sub plots. Twelve hills were collected at physiological maturlty for
measuring y|eId components from surroundlng area of grain yield harvest area. Yield components, viz. number
of spike per m?, seed per splke 1000- grain weight, plant height were measured. Grain and straw yields were
recorded from the central 5 m? grain yield harvest area of each treatment and harvest index was calculated. Data
were subjected to analysis by SAS and mean companions were performed using the Duncan multiple range test
producer. Also, graphs were drawn in Excel software.

Results and discussion

The result of analysis variance showed significant difference between crop residues for evaluated traits. The
result indicated that the highest biological and grain yield was obtained when wheat treated with CRs: wheat
straw + mungbean (green manure) and CRy: barley straw + vetch (green manure). Biological and grain yield
increased 31 and 26% respectively by CRs comparing with control. The highest grain and biological yield
resulted from the treated plants with F; there was no difference among F, and F; fertilizer rate for grain yield of
wheat. Also cereal straw + legume (GM) in CR4 and CRs treatments in F, performed better than F; fertilizer in
no residue treatment and Wheat grain yield under F, x CRs treatments was 25% greater than under F; x CRg
treatments. The combined use of NPK fertilizer plays an important role in wheat production. Application of NPK
in balanced share at proper time has great impact on wheat yield. In order to achieve higher crop production,
balanced and integrated nutrient supply and proper management of soil fertility is essential. Application of crop
residues/green manures along with suitable does of major nutrients for efficient growth of crop prevent the
decline in organic carbon and also bridge up gap between potential and actual yield of wheat. Further, use of
crop residue had favorable effect on physic chemical and biological properties of soil due to supply of macro and
micro-nutrients to crop properly. Furthermore the decomposition and mineralization of crop residue is a slow
process which could match the nutrient requirement of crop. The protein percentage, which is higher in CR5s and
CR, ,shows in whole crop residue treatments, the lowest valuable in F; and improves with the increase in
fertilization researching the highest value with the rate F;. No significant difference was observed between the
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rate F, and F3; this would suggest a lower efficiency of the latter, at least for protein accumulation.
Increased wheat yield and component yield due to different crop residue incorporation and NPK rate were
reported by Verhulst et al. (2011) and Aulakh et al. (2012).

Conclusion

Application of (140N- 90P- 80K) kg.ha™ and straw wheat along with mungbean and application straw barley
+ green manure was more effective than (180N- 120P- 100K kg.ha™) application in no residue incorporation on
grain yield and based on this research findings, the use of good quality crop residue, can achieve high yield while
saving in NPK fertilizer usage. The reaction yield is less affected by chemical input.

Keywords: Cereal straw, Legume green manure, Protein percentage, Rape residue, Vetch
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2 I3l e ((SSolan JUb dlge g M) Syee slagigeen
g 3 JgmsS 5 il Lo ol (ol a4y g 0lS g 43,
Yasari & ) oladly &b g ¢ bl (Shaalan, 2005) 53,5 .
P 1S @l )3 JguuS dlaw 3 Liuljél 55 (Patwardhan, 2007
93495 31 U sk sl 5 5Ll Sislga 355 b il |
0uiS oy (glayge o (B0 b L) 0aiS o8 LS 5
oialafl ol s Uy 48 oMol S 4 o)l 50, Loy 45,
b calas

oy by il ol 3 Jgas 5l Jols mls bl 5
Loty )3 b ol 4 Coms il o ps 23 L (Sitd i pas
e sy oo b 0 (3 Jgin) il 65 (oalj 093 3 Ol b
5 Cargby 39408 1l cou b Wae (claaslS Laiw o jialS ol
Haghighatnia, ) Lo cads 0ol bulps ol 3 (i 51 il

355 5 )bl 1S 0b (L5 Gy 4 5l ol b

9 &b a0 (B > b sl g > Bk Gy SYSols
(2 Jgas) 39— (P<0/01) s —ine (gyLal Ll 5l caily 5 Shos
9 45blie (s p «Seiedsn 355 9 kel (Seny 5 rien
Silee dglie Jpaz 51(2 Jgaz) 39 o tae il 5 Slee
g oS pie balpd )3 &gy 53 Bl olasd (i 095 o0 oaalie
SSuid i bld jd iels a3 42 L chs opl jbde oy pieS
Jole b 3 Cagl 3008 (3 Jgan) culs 2929 (g, 093 52
asye ials g OMhesl Gl canlial S > @ ¢ odugy M)
s bgrpe ool sl b (8L jaled yiaS s (g jihugid Slge
a8 Sy oo 55 4 00)5 o gy b Sl IalS 5 adli sl
2 Ol adad 4y o (2lS £9,5 b udlS 5l o] e g G5 ]
Kafi & Rostami, ) eiw) 9 (315 .ol 039 5V i} )9
adojo 0 (gll o) (Sis b G oS 608 )15 (2007
5 SLsel ol ialS 1) asg o b sl (La sl JuSis
9 L e o (Baghkhani & Farahbakhsh, 2008) i,
Wy b ol yzals (Mosennia & Jalilian, 2012) LLl>



00D LK )l5 o)) i (B 1 g ey il 3 Shac 1 (oileands 3 Sifslon SBOsS il
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STl iz | 0395 eaiS s los Sl cny b sl
2 loa (395 sy ogMe il o pangithail g posl sl
olS jl 3y90 BpaceS 9 Spasy (olépolic Qi (35 Plae
=l slplul GRalidl ) i SMlhapul W95 9 A0y &5 4 g

Ansari & ) xsb pge wily o 5 Gab o ab ol e
[(Aseretal, 2008; Rosta, 2008

Syl (5l (Kafi & Rostami, 2007) _eiw) 9 315 (2011
sy S9)l 9 2Us 4 (Jabbari Orange & Ebadi, 2012) ¢sle 4
oS alis wliul;l b (Fanaei & Narouirad, 2014)
)5 3 il fady g Al sl (b 0 Ol g 45 aid S
inlojl ool asei b a8 33,5 o 3ab > ails i ialS cuw
2o e 2 a8 b L 1, Sile dunlie gl .cuib casllas
2 G b ol i olewd 39S 9 S jglan 268
1205 5905 Ly S 950 5 5Ll S gyt Saiglom (slangs

395 qbie 9 (5)lal Cod SIS il 3 Sos sljal 9 &ils 3 )Sos (Ol o (le) (il g 4525 -2 gt
Table 2- Analysis of variance (mean of squares) of seed yield and yield components of safflower under irrigation and fertilizer

resources
ot 2o ;3 sy Wy )0 b Gab o il &l 150 39 &1 3,Shos
S.0.V df Head per plant  Seed per head  1000- Seed weigh Seed yield
"f“ . 2 15.354" 1.867" 0.588™ 7119.421"
Replication
(_') %’Lﬁ‘ 2 243.311™ 336.067" 923.315" 1853446.812"™
Irrigation (1)
(@) sl 4 1.646 1.833 0.110 13842.063
Error (a)
(F) f?f o 4 27.268™ 32.089™ 355.703" 90734.239™

Fertilizer (F)

&d @I*"XXFJM 8 1.931" 0.372™ 6.693" 5098.007"
(b) st 24 1.296 0.0761 0.153 1661.080
Error (b)

(103) Slyest o 7.29 2.28 0.85 3.49
CV (%)

** *

B gre el g do)d S5 g iy Jloin] e 50 )b dxe iy 4 NS 97T
*,**and ns: Significant at the 5% and 1% probability levels and non significant, respectively.

Sl w0 o S5 ails 3,50es (gl5a T 5 4ild 3,508 (uSilue duwylio -3 Joua
Table 3- Mean comparisons of seed yield and yield components of safflower by irrigation

: (LU jd 0,59ks) aily 5,Slos (55) &l 515 &3 . . " " . "
| “_s’l‘:_' Seed yield 1000- Seed weight N "": » :b a":' 4N 4”:;’ ‘(’j’b b"‘T .
rrigation it 0. of seed per heal 0. of head per plan
(kg.hat) (9
Iy 1539 52° 43* 19°
I, 1118° 48" 38" 1
Iy 841° 37° 33° 16°

185 ()b sine S SIS ey 4y ygie p 3 Al CBgys b slauSile *
* Means followed by similar letters in each column are not significantly according to DMRT.

i) s by g (aalS Jalhe (bl g (IS b cudls gloj 5l oll dad 1l {smld) wls (aiy g (BAIS (B3 (i) Bls wjgy) olpe den 43 (bl il

(el 093 L28) &b by g (BAS Jolye 3 yll alad g (B3 58y Blo gy Sl )l Tla g (Lodng) 09

I3 lirrigation in all stages (rosette, stem elongation, heading, flowering, and seed filling (control)), I,: Stop irrigation from sowing
time to flowering and irrigation in flowering and seed filling stages (stress in vegetative phase) and I5: Irrigation in growth stages
such as rosette, stem elongation, heading and stop irrigation in flowering, and seed filling stages (stress of reproductive phase)
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Table 4- Mean comparisons of seed yield and yield components of safflower by biological fertilizer resources

(650 15 5 9kS) &l 3,Skos

(@5) &l Jl32 o339

) _’9; & Seed yield 1000- Seed weight Beb 3 il s Dt 3 Beb dlass
Fertilizer resource (kg.ha) () No. of seed per head No. of head per plant
(Fi) 358 3 ye pae 1021°* 37¢ 35 12°
Non- fertilization
(F2) (pliosd 58 e 1104° 42° 37° 14°
Chimecal application
(Fs) o5 e 1229° 49° 39" 16°
Nitroxin application
(Fa) si5gil Sy 1218° 50 3gP 16°
Azotobacter application
(Fo) LS55 3 e 1260° 510 40° 17

Nitrokara application

185 )b sine S SIS ey 4y ygie p 3 Al gy b slapSile *
* Means followed by similar letters in each column are not significantly according to DMRT.

bog il g 5 OF g g i ol ol g adyy (328
Gdo g sy Gin]38l asls ol doly oS’ gyl 4y Mg o oLS
odle oo g 3lge Uil ylosl, (Copetta et al., 2006) jxiwg:s
bl e 4l 2y Slae g asly i )5 Glulidl 5 b 4 Sis
395 g5 o)l LiiSen,— > .(Khorramdel et al., 2010)
b iy 5 (s pas balpd )3 &l Jlim (5 oyl «Sijolon
ol b Ly 5 alS o388 3 5aS 55 5B il
(L US3) el cawd 1 365 G puan pis g il 059 )

Ol 2 9l mgbo) (onlp 1y 09Ms sy o S5 @
Sl e 3l Sk sdlp g Sllasil 5 (2)Sie Conex
S8 € ) 5 S e i g gl S sy
il byl )3 55l 398 el SIS 5T s i
Sloul calises WY game 2 1) (Jolite Jaddl e Silgs o Jaies
(Elwan & Abd El-Hamed, 2011) xS

3,Slas oS by yLts (P<0/05) aaws )3 Laodh (Sile duslio
G HS 5> p,56kS 1539 1Sl b i pae Lalps 5 ails
o tli 58 50 oLl g g o) 31 )3 Ol b byl 4
al 3,Sles als (3 Jodo) casl iolssl am )3 45 27 sy
2 G 3ol g 6, Mes Gl (il s 4 Sl e
O e 139 5 il )3 Wb o g (g S8 0 ol b Ll
Al ol 650 O 5gueS 3l gl (YU (6 pdu il s &

5 Uil5-3l (Khorramdel et al., 2010) ),LSen 5 > p >

L zili 55 1, (Nigella sativa L.) aliaba JguS 55 @il sluss
& 5iagtd o I3 51 (226 152550 o 535Lgisl pael g
OhlSen 5 padio iy 5 oL (Sgajgn basly) pis 0lS

0595 (ol 4 Lgw > (Toohidi Moghadam et al., 2007)
Lol ds Cuus p)5 52 (pSko b (St a5 pae byl

3 il33l 0o )3 29 (s as g g (aa8) (ol 0y90 5o o alab
St 5 4ty oo 5 4 (3 Jgaz) o o5 &b Sl 3
g ey pRalS g (o)l Jiwgd Gials &b Sl s ul
Lo ol 0008 a5 LialS Cow &b Ad s 0)e0 Job
15 (somwge 9 Sl (Kafi & Rostami, 2007) _esw) ¢ S5
{(Omidi, 2009) .| (Behdani & Mosavifar, 2011)
Fanaei & ) s, 54,0 9 L ¢ (Haghighatnia, 2011) Wi
b Sl 59 pialS w55 ¢4, » (Narouirad, 2014
oy oy cdllae bl opl gl b o Sis i 5l
ASLgil )l b &S ) S'g i 595 B pan Jlogs 53 &l i (59
a5 4 el s 4 (565 G yan pas) aals Jlag ;o 4l lia
5l glodas isy Wlg o 3gS (ol 53 de350 (sl g Sty oo
ool slacilind JMoul b g 18 opwali 1y lalS 551 slajls

Cuw LS A, J)_'z.o wbduoy)p J.Jy 9 SBo»
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Fig. 1-Mean comparison for intraction effect of irrigation and fertilizer on 1000- seed weight of safflower
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Fig. 2- Mean comparison for intraction effect of irrigation and fertilizer on seed yield of safflower
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5 Sl (o pal )l oail ) oy aalllas 4 Lo sl y
aS 1558 535 (Amire Farsanei et al., 2014) o,LSen
Cil Lialisl U LS ades 51 oSu5elam (5lodsS b puno

Comer g Cddld (olidl 5o,k 5l olie ;wle wywd

ey Gili el S1S g S i A iled o pannslS g ,So
iy a4 Gl 30 58 5Lt )3 o ln )5y Gt Jily
930,58 00l L5 5yg0 (bl dlge Ll ad Jolaie sl 0lS
g g 1Dy carge (ST (g2 M) S e (Sl (i9ey98 b5 L
723 Jomaze ol G331 g oS s (sby o3 5 A
.(Kumar & Narula, 1999) 53,8 . ,uSa

SSlas (G gy wo s Cudils 3 GRALD (K359 g 9 Slas
Sy ol oaes s gias 5 029,
i sl as ol L 5 Jads 5 Waodly (o ylel 4o ol
by padld «Sjdan 0 Shos 1 Sijglam 395 5 (St
et g )b giae (6] B I ey, 3,Slas 5 o) Ao
d90 bsiae o) 3Skes 1« Syflon 355 5 o)kl Sy 51
aS ol ol 6 Jgas 5o bodls 1Sk dunlio gl (5 Jouo)
olel) 8l @ s |y Sojolgn ,Skee g 31 55 O gad
ol aS Jls o ol ials aoyd 36 (s, Jolpe den
Coms o> 18 (i3l gy 51y Ol gad baylps j> sl y
Dl Lss (il 5B > GiT A Cud (o> 42 5 aalis 4
o yieS 35 (Mohsennia & Jalilian, 2012) Ll o L cyuxe
gy Ay adoyo 3 Ol e Lyl y 1) LS edle 2o
b 2 ek e oy YL | el 5 55 58
siils 38y Jolpe Blol & s olS @ peo 13 Jolya 5o
Gl 5l (mingy Ay adopo > (Sois s (Omidi, 2009)
sialS y Sis odle g ials el Sy paw (a3ls SalS
L o by padld Gials e 9d 0 oS Sujglgn 3)Slee
b k8 o il 5 Sloe Lylys g 0 Slos glinl jo iy cdl (i)

5 5LS (Haghighatnia, 2011) Lic ids 9  Sudie
wle 3 Syl o, (Kafi & Rostami, 2007) e,
g aliély L5 (Jabbari Orange & Ebadi, 2012)
9 26 ¢ (Naderi Darbaghshahi et al., 2004) L Saa
5,5 aily Slas ials(Fanaei & Narouirad, 2014) sl sq,b
oml @l b oS 5155 (s 4 (als) (il 5 s of glab L))
o jd g 4l oy Slee oy s o Cilbe islojl
oS 90 5 4Ll sl b 45 LISTg 25 555 368 o
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gy b B p55Tgijl g S gy WS 955 2 Sefslgn
Kzilkaya, ) cowl azsl Jlos 4 olS ai) » 1) oo @l )il olS
Toohidi ) 5,55 odld 5 wli dle wiis (2008
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405, %158 (Majorana hortensis L) ie;pe (o9l olS
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Ot g prde (A5 9 5,5 > (Mirzakhani et al., 2008)
L ,d il Ly ,> (Toohidi Moghadam et al., 2007)
@l b a5 035 gy 0Sdes Il cow «Sjglgn slades
395 ¢ Seid i ol 51 s e calbe il ol
L g p 5 i pas slad )3 (5g) 3,8bes (il Sijolonn
Jass do o o ol s @ ((1Sa )3 5515 460) (il
il Lilisl asyd 69 565 G pas pae g il 5B 50 Of gl
6 459

(S s glasob gl by 40 ) ol @l
LLod 5l Sy (o gm0 1 gl (2iSan g2 9 Sujlgms 55
sime oo G5 51 Gl L (B Jgie) a9 b ine o)l
aS ek 4y (B Jsin) coly Lials als 4y cons Sy s
sdalie (odyg) B ) ol gad Jlos 3 Sy s (S5ioxe (23S
Ll A il )A)l_; oialS ol i G g Gl iuli8l L as
9 S by (SIS (A5 CoS Sy o gie > lalS
oS « 35,5 5> (Behdani & Mosavifar, 2011) b cguwge
o (g5 Gyttt Loy Sielon (oS Gras bl i
hte 5955 365 Bpaae Jla 3 aSgpsb 4 g (plalj8l S
pi) 12L5 5 391 3 5V (10 T3) (:0lio b Sy (s (g500
5 LusS (0 Jgan) cudh ) o ol i (a8 (395 CByue
aS wash pMel 395 adlllas 4> (Copetta et al., 2006) ,\Son
hE polis @ pwpiod 5 Qo g Bk I Sjglen sadgS

hlSan 5 alicl,s 6l sl lg o Sajsls 5,Slos
oL aish ,Lelsl (Naderi Darbaghshahi et al., 2004)
4 0LS 50 o gd (6 jawsid dlge JWal LS 5l o )bxe il
a8 (SLis Lad IS it (pl Gladss ) Lol b
Tokaw ;500 5 dabd 4y Cans cudly p sl b sxe iliel el
TSge g S Lol o (illas a0 cpl i L o4 05 A5
Rasti ) ), %en ¢ i, ¢ (Behdani & Mosavifar, 2011) ,3
o ls jials (5,8 s was Suis i oo (et al., 2014
oy il cdllae iolell cpl gl b aS™ (315 1) il
sladg § Grns sajlos o cuiby (edli 5§ Kjglsn o Slas
5l 0o wal oo a5 4 (6 Jan) A8 edaliie 55l
b3S )3 39290 Sl ySL yud clld ) b lie polis
@y Ss s g pll8l g ol Cglhae dag)y M3y Soglan
(Khorramdel et al., 2010) l)Sen 5 Jop 5ol azily JUid
Sojlan 595 1l cov alalus 1 1) Sojglen 3,Shee i3l
Sharifei & ) Lz 5 i 5 1520550 5 pask sl 25Lsi]
WU e |y puS o cuiby asli il (Haghnia, 2007
inlejl ol zols b aS sy pMel S g i ) 395 B pune
il el

by lis (Sas (i1 Bl 5 Ske duslie Jouo 5l ol s
Can oS A odaliio (5 pae bayl ol )3 (€0 duopd (i &S
o8 (6 Jgaz) 5 5VL w0y 16 il 516 5 f bl
JLss & Ll o |y 485y doyd jo ialS dlge padglio )0yt
) doyd o i Ul glite gl as ST .05l axily
Kafi & ) oty 9 3L cldllas j3 .ol 0ad )5 (555
Jalilian et al., ) oo  oLlls 9 55,08 ;> (Rostami, 2007
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(s (hdy 9 (2US) ool 56 ) (Suzd i Ll ) s,
oy oy cilbae ilojl cpl gl b a5 snd,S )5S
9 WS gy Slom sLadgS By jlass 13 (129, oo
(595 Gy pac) wals Hlog 4 Cond &S Lol Covd & Oy g i
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Table 5- Analysis of variance (mean of squares) for some of agronomy, qualities and physiologic traits of safflower under
irrigation and fertilizer resources

i oo S aSles  clilyy asls g 2Nes s, doyd O s g0
P i Biologic yield i Oil vield )My -
SOV &3 ogic yl Harvest index y Oil percent Sy
df RWC
<
Rep’“’; tion 2 72295.55™ 4.101"™ 354.429™ 0.094"™ 1.356"
|r(r||)g§£ N 2 22228775.55™ 456.419 ™ 167517.23"  58.083" 340.822"
é??ofu(“;) 4 128898.889 3.666 891.655 0.158 1.056
F - *k * ke o .
Firt)i:i’; eér**("F) 4 826381.11 5.007 22211.480 51.345 82.856
: j Kk Kk
e ér’ :;’Lﬁ 8 28856.11"™ 0.839™ 1236.933 0.194"™ 2.739
é??of”(‘;) 24 19531.11 0.458 14.806 0.124 0.544
(M,a)c \u/\?:;)wr‘ 254 3.17 4.24 1.49 15
0

e 9 00yd S5 g g Jlein] w0 b dxe i 4 NS g FF X
*,**and ns: Significant at the 5% and 1% probability levels and non significant, respectively.

355 qbie 5 (6, S0t S5 Syl b 5 eS8 Sl 5 1 (Sles dunglio -6 Jgu
Table 6- Mean comparisons some of agronomy, qualities and physiologic traits of safflower by irrigation and fertilizer

resources
B . . ) 095 3yNes .
2 RS 9kS) SGjglan 3,5des Cwild y sl o . Syt 2l o g
3 2 PSS ) OF9) oy
o (s (2)9) (s il (3,
Treatment Biologic yield Harvest index _’ . percent Relative Water Crop
(kg.ha™) (%) (O k" );]'e!?) (%)
g.ha
Sl
Irrigation
Iy 6716% 22° 39712 25° 73°
I, 4282° 26° 269° 23° 64°
I3 5506° 15° 181° 21° 71°
395 &
Fertilizer resource
Fi 5064° 20° 214° 20° 66°
F> 5310° 20° 243° 21° 67°
Fs 5665 21° 295° 23° 71
Fs 5688° 21° 320° 25° 71°
Fs 5780° 22° 329° 26° 73°

185 )b sine YS! SIS ey )yt p 3 Al CBgys b slapSile *
* Means followed by similar letters in each column are not significantly according to DMRT.
i) &b iy g e alhe 1 ()bl 5 (aalS b sl loj 5l o )lol alad i1y {sals) aily iy o (aAS (a3 Eb (4B dBle (g, Jolye den yd ol iy
(coial3 09 ) 4l 38 9 (IS olya 13 ()l b g (23 B> o058 Bl gy Jolye 3 ool T3 g (g, 0590
I3 lirrigation in all stages (rosset, stem elongation, heading, flowering, and seed filling (control)), I,: Stop irrigation from sowing to
flowering and irrigation in growth stages flowering, and seed filling (stress of vegetative phase) and I3: Irrigation in growth stages
rosset, stem elongation, heading and stop irrigation in flowering, and seed filling (stress of reproductive phase)
‘)L{j)w n_‘?)..an F5 5)...{L’}.’)/n_9)m F4 ‘()"“55)"'“ «_9).40 F3 ‘dw .)5§ u_‘i)m F2 s.)9§ n_‘?).an f.\LF]_
F.. Non- fertilization, F,. Chimecal application, F5. Nitroxin application, F,. Azotobacter application and Fs. Nitrokara application
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Introduction

Safflower (Carthamus tinctorius L.) is a tolerant plant to water deficit due to long roots and capability for

high water absorption from soil deeper parts. Safflower can growth successfully in regions with low soil fertility
and temperature. Behdani and Mosavifar (2011) reported that drought stress affect on yield by reducing yield
components and agronomic traits. Biofertilizer during a biological process chanced the nutrients from unusable
to usable form for plants in soils (Aseretal, 2008). Mirzakhani et al. (2008) found that inoculation of seed with
free-living bacterium azotobacter and a symbiotic fungus productive mycorrhiza addition to increasing oil and
seed cause increasing resistance against two factors of unfavorable environmental and to improve quality of
product. In order to study the effect of biological and chemical fertilizers on oil, seed yield and some of
agronomic traits of Safflower under irrigation of different regimes an experimental design was conducted.

Materials and methods

In order to study the effect of biological and chemical fertilizers on oil, seed yield and some of agronomic
traits of safflower under irrigation of different regimes an experiment was carried out split plot based on
randomized complete block design (RCBD) with three replications in experimental farm of payame-Noor
university of Zabol during 2012-2013 growing season. lIrrigation regime in three levels include: I; (control)
irrigation in all growth stages, I, stop irrigation from sowing to flowering (irrigation in growth stages flowering,
and seed filling), I; irrigation in growth stages rosset, stem elongation, heading and stop irrigation in flowering,
and seed filling were as main plots and fertilizer resources in five levels included: Fl non application chemical
fertilizer (control), Fz pure application chemical fertilizer (N (l PK) 99, 44 and 123 kg.ha™ respectively, F3 Nitroxin
application (2 L.ha™) F, Azotobacter application (2 L.ha™) and F5 Nitrokara application (100 g.ha™) were sub
plots. Bio-fertilizers mixed with seeds before planting based on manufacturer's recommendatlons Fertilizers
were applied at ratio of 123 kg.ha™ potassium based on (K,0), of sulphatedipotash, 44 kg.ha™ phosphor based on
(P,0s) of _super- phosphate triple respectively, (based on the results of above soil analysis) along with one-third of
99 kg.ha pure N based on Urea prior to sowing. Other two-third of N was applied at the start stem and heading
stages respectively. All other agricultural practices (weeds control and irrigation), were performed when they
were required and as recommended for commercial safflower production. A random sample of five plants was
selected from each plot in physiological ripening to estimate the different parameters. Data were analyzed by
using Mstat-C statistical package (Mstat-C, Version 1.41, Crop and Sciences Department, Michigan State
University, USA). Duncan Multiple Range Test was used to do mean comparisons.

Results and discussion

Analysis of variance showed that the effect of irrigation and fertilizer resources on yield, yield components,
oil yield and RWC were significant. Results showed that seed yield in treatment non stress with mean 1539 than
stop irrigation in vegetative phase (rosset, stem elongation, heading), and stop irrigation in reproductive phase
(flowering, and seed filling) had increased 45 and 27 percent, respectively. High yield by increasing yield

1, 2 and 3- Research Assistant, Sistan Agricultural and Natural Resources Research and Education Center, , AREEO,
Zabol, Iran. Former MSc Student of Agronomy and Associate Professor, Department of Agronomy and Plant Breeding,
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components under water supply reported by Behdani & Mosavifar, (2011). However there was no significant
difference from aspect seed yield between biological fertilizers, but Nitrokara bio-fertilizer showed 19 percent
increase than non-application - chemical fertilizer (control). Biofertilizer able during a biological process,
chanced the nutrients from unusable to usable form for plants in soils. By increasing stress severity, leaf relative
water content (RWC) than (control) irrigation in all growth stages decreased, so lowest RWC obversed when
irrigation was cut in vegetative phase (rosset, stem elongation, heading). Increasing duration and intensity of
stress had an impact on loweringRWC. Reduction in the RWC under drought stress by Behdani & Mosavifar,
(2011), has been reported in safflower but with, application bio-fertilizers chances in RWC were increasing.
Data analysis showed that interaction effect of bio-fertilizer treatment and drought stress on seed yield was
significant.
Conclusion

In general, results of the present study revealed that irrigation in all growth stages, especially in stages
sensitive to drought (flowering, and seed filling) and application of biological fertilizers adapted such as:
Nitrokara and Nitroxin had positive effects in improving quantitative and qualitative yield of Safflower.

Keywords: Drought stress, Harvest index, Nitrokara, Oil plant, Relativity water crop
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Table 1- Physical and chemical characteristics of soil
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Clay (%) Silt (%) Sand (%) jon : ic Total N : (0595 5
Electrical N (o5 9ks ;
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Table 2- Mean of squares for some quantitative and qualitative triats of sunflower as affected by different soil
fertility systems
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SOV & Plant Head Seed 1000- Seed Seed oil
df height diameter number Seed 1d
per head  weight y
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Replication
(©) oleosts 35 2 48841 830"  22356"  10.85"  1914.78"  39.225"
Chemical fertilizer
s
du 4 647.01 22.39 104.81 5.93 73.36 6.741
Error a
(M) 112550 1 1392370 2714 189618 oo 497088" 69.057™
Mycorrhiza
Leosls X3 o o s
e ;jfx c o 2 705.36™  7.35™  776.1 51.58 631.68™ 82.942
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Humic acid
Seo 1% olod * . - o
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Ko | X 13 o o *
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X 15205500 X olardags
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HxMxC
b st 30 279.54 16.73 68.28 4.1 232.56 3.805
b Error
(03] el s 14.02 18.15 5.01 331 8.90 4.43
CV (%)
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** *
3

*,**and ns: Indicate significance at the 0.05 and 0.01 probability levels and not significant, respectively.

Fig. 1- Mean comparison for the effect of mycorrhizal fangi species on sunflower height
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Fig. 2- Mean comparison for interaction effect of chemical fertilizers (nitrogen and phosphorous) and mycorrhiza species on
seed number per head of sunflower
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Fig. 3- Mean comparison for interaction effect of chemical fertilizers (Nitrogen and Phosphorous) and humic acid levels on
seed number per head of sunflower
(S 5 p,SolS 16 Gyan THAG 5 )i 5 p 5 5hS” ot b pao THA «Soguntuusl b pae pac HA)
(HA;= without application of acid humic, HA,= adding 8 kg.ha™ and HA;= adding 16 kg.ha™)
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Fig. 4- Mean comparison for interaction effect of mycorrhiza species and humic acid levels on seed number per head of
sunflower
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Fig. 5- Mean comparison for interaction effect of chemical fertilizers (Nitrogen and Phosphorous), G. mosseae fungus and
humic acid levels on seed number per head of sunflower
(S 5 p,SolS 16 Gyan =HAG 5 )i 5 p 5 5hS” ot b pao THA «Soguntunsl by pac HA)
(HA;= without application of acid humic, HA,= adding 8 kg.ha™ and HA;= adding 16 kg.ha™)
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Fig. 6- Mean comparison for interaction effect of chemical fertilizers (Nitrogen and Phosphorous), G. intraradices fungus and
humic acid levels on seed number per head of sunflower
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(HA;= without application of acid humic, HA,= adding 8 kg.ha™ and HAs= adding 16 kg.ha'™)
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Fig. 7- Mean comparison for interaction effect of chemical fertilizers and mycorrhiza species on 1000- seed weight of
sunflower
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Fig. 8- Mean comparison for interaction effect of chemical fertilizers (Nitrogen and Phosphorous) and humic acid levels on
1000- seed weight of sunflower
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(HA;= without application of acid humic, HA,= adding 8 kg.ha™* and HA;= adding 16 kg.ha™)
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Fig. 9- Mean comparison for interaction effect of mycorrhiza species and humic acid levels on thousand seed weight of
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Fig. 10- Mean comparison for interaction effect of chemical fertilizers (Nitrogen and Phosphorous) and humic acid levels on

seed yield of sunflower
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(HA.= without application of acid humic, HA,= adding 8 kg.ha™ and HA;= adding 16 kg.ha™)



1395 (liwe) & oyl 8wl 15 5)9liS ol pgs syt D70

o 31 Sy 4 S ad aib 5 Slas JialS el ;5 mosseae
292 )5S0 8 sladi S (21 5 Ssogemsond (VL b
(11 )

Seed yield (g.m?)

50 -

B ads § Seagarinl golaw flite | (:Sbe duslie
5 Seogsdiuwl pod pdaw Hlos aS ol ylis «ily 5, Slee p 13556800
3,Sdas 3o oy yidin 5l gyl e yob 4 (G. intraradices g,

G )b g g Sengantonl pow o Jlos 390 )12y08 0 &b

0OG. mosseae
m G. intraradices

b

8
Humic acid levels (kg.ha1)

O3 SLET ails 5,Sdes 3 Swogad ! Zghaw g 134 59590 Z,8 sraiss blike o1 puSile dulio 11 JSWO
Fig. 11- Mean comparison for interaction effect of mycorrhiza species and humic acid levels on seed yield of sunflower
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Fig. 12- Mean comparison for interaction effect of chemical fertilizers (Nitrogen and Phosphorous) and mycorrhiza species
on seed oil percentage of sunflower
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Fig. 13- Mean comparison for interaction effect of chemical fertilizers (Nitrogen and Phosphorous) and humic acid levels on
seed oil percentage of sunflower
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(HA;= without application of acid humic, HA,= adding 8 kg.ha™ and HA;= adding 16 kg.ha™)
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Fig. 14- Mean comparison for interaction of chemical fertilizers (Nitrogen and Phosphorus), G. mosseae fungus and humic
acid levels on seed oil percentage of sunflower
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(HA= without application of acid humic, HA,= adding 8 kg.ha™ and HA;= adding 16 kg.ha™)
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Fig. 15- Mean comparison for interaction of chemical fertilizers (Nitrogen and Phosphorus), G. intraradices fungus and humic
acid levels on seed oil percentage of sunflower
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(HA= without application of acid humic, HA,= adding 8 kgha™ and HA;= adding 16 kgha™)
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Introduction

Cultivated sunflower is one of the largest oilseed crops in the world. Sunflower seed is the third largest
source of vegetable oil worldwide, following soybean and canola. Nitrogen is one of the most important
elements for crops to achieve optimum yields and quality. Phosphorus (P), next to nitrogen, is often the most
limiting nutrient for crop and forage production. Phosphorus availability is controlled by three primary factors:
soil pH, amount of organic matter and plant species (Reddy et al., 2003). Arbuscular mycorrhizal fungi are one
of the most important microorganisms in majority of the undamaged soils so that about 70% of the soil microbial
biomass is formed by the mycelium of these fungi. Mycorrhizal association promotes plant absorption of scarce
or immobile minerals, especially phosphorus, resulting in enhanced plant growth. Humic acids are dark brown to
black, and are soluble in waterunder neutral and alkaline conditions. They are complex aromatic macromolecules
with amino acid, amino sugar, peptide and aliphatic compounds linked to the aromatic groups. Humic acid
contains nitrogen, phosphorous, calcium, magnesium, sulphur, copper and zinc (Subramanian et al., 2009).

Materials and methods

Experiment was conducted as split plot factorial based on randomized block design with three replications in
2011-2012. The main plots consisted of nitrogen and phosphorus appllcatlon levels (zero percent or no chemical
fertilizer application, 50% equivalent to 375 kg.ha® urea + 25 kg.ha® super phosphate triple and 100%
equivalent to 75 kg.ha™ urea + 25 kg.ha™ super phosphate triple). Two species of mycorrhizal include (G.
mosseae) and (G. interaradices) with three levels of humic acid (0, 8 and 16 kg.ha™) were placed in subplots.
The measured traits were: plant height, seed number per head, head diameter, seed oil content, thousand seed
weight and seed yield. The data were analyzed using the Mstat-C statistical software. Mean comparison was
performed using LSD method (at 5% level). The figures were prepared by Microsoft Excel.

Results and discussion

Mean comparisons showed that highest seed number per head belonged to plants under G. mosseae, without
chemical fertilizer applying and without the use of humic acid (Fig. 5). The highest thousand seed weight
obtained from using 8 and 16 kg.ha™ humic acid without chemical fertilizer and applying 0 and 8 kg.ha™ humic
acid and using 50 and 100% chemical fertilizer. It seems that humic acid has antagonistic effects with chemical
fertilizer in high levels. Interactlon of humic acid and mycorrhiza species also showed that the hlghest thousand
seed weight belonged to 8 kg.ha™ humic acid and G. intraradices. Samarbakhash et al. (2009) in maize showed
that Inoculation with mycorrhizal fungi significantly |ncreased the average seed weight. The highest seed yield
obtained from applying 50% chemical fertilizer and 8 kg.ha™ humic acid. Mean comparison of |nteract|0n effect
of humic acid levels and mycorrhlza strains also showed that the highest seed yield belonged to 8 kg.ha™ humic
acid and G. intraradices. This increase may be attributed to the extensive root development and hyphae that
reduce the distance fordiffusion of essential elements thus enhancing the nutrient absorption. Mean comparison
of interaction effect of chemical fertilizer levels and mycorrhiza strains indicated that chemical fertilizer levels
had no considerable effect on G. mosseae efficiency from viewpoint of seed oil content but applying 50 and
100% chemical fertilizer along with using G. intraradices significantly increased seed oil content. Mirzakhani et
al. (2008) in sprig safflower showed that mycorrhiza can solubilize phosphorus in soil and enhance absorb
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elements by plant.
Conclusion

In general, among applied humic acid levels, using 8 kg.ha™ had positive effects on the studied traits of
sunflower than its other levels. Furthermore, inoculation of seeds with mycorrhiza and using proportionate
chemical fertilizers can cause increased grain yield and seed oil content.

Keywords: Chemical fertilizer, Oil percentage, Phosphorus, Seed number per head, Seed yield
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Table 1- Physical and chemical characteristics used for the experiment of soil

cab 55 39 S oS S S Sl
Texture s (ne,3) (a2 ) ( ot c03) (PSS 3 0,5 o) wio B polis
pH 70 7 ey Absorbable nutrient content (mg.kg™)
Total N ocC EC (dS.m?)
(%) (%) '

Fe K P

) ") 7.5 0.16 1.19 2.5 11 295 8.4

Loam- clay

halojl 4 o3l 390 CuwgnoS 0019 (cilrored 9 (K158 (SS9 -2 Jogs>
Table 2- Physical and chemical characteristics of vermicompost used in the experiment
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11 7 4.96 25 7.66 40 31900 6100
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3- Effective filling rate
4- Effective filling period
5- Least significant difference

1. w Sii s
Slyizme S o waw (adld Dbl Caa xS g ol
s . e 2 2 .
3 am 59599 (e 23 S g )lS pasls 9 7S (omd Cagh,
W plol (dgy (BIME g0 dls o p> dali lalS &S cuils
(1) adslas 1 S T (s gy (slyine (5 pSo3ll (6
((Yamasaki & Dillenburg, 1999) 13,5 ssliz.l
FW-DW 1 )

VW DWW

GoRWLC =

Sizs {036) 5 039wy 4 (TW, DW, FWedsleo oyl 5
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0725 colus 4 g5amo 1 g 50 o Jgb 42 &5 2 (Slho i,
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L S 10 o Jolo (s 03,58 > S5 51 s
S yassel Loy oS o S gaw culis I oslinl
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Sy 8 daw otz jlis iy 4 IGA g LA dblro (ol o

(aayoyio e yo) oS il bawgs a5 Jlasl S5 pxlaw
SPAD) et Jidg IS olS by & S py (Ko i o
@y Sy slos ylie ¢ (502 Plus Chlorophll Meter Jas
(TM-958 LUTRON Jus) L5 Ly iy )ly> oy 4 55
2 gy oy yslaie .05 (¢ uSejlul infrared Thermometers
cilS 5 sa 9, 48 Lm (235003 50 dsye 3 davaily i
5 o) a2 Sye ol by e 5 D ploxil (615 045505
m g0l 5l e 5008 Ly sl Gl cusly by UL Culx&
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Olpass Dgy oy b A o ()lasd 3 yody diad 9 (g S0 510]

1- Leaf area index
2- Relative water content



087 ygus Sa35lps 3ud loguas (o5 3 45 3 ,Kho 3 13159500 geald § ComgpoS 5059 51

s 255 sl 5 4y Siglhase 13 S ek §) Yoo
@ sledn) Gk il o waw Gl g (s olS Ay,
Objse olS ol Lulyy dgme el g 03,8 Ll (5t Ol (L
il 2 09dle CugiaS )5 )b 51 (AUgE, 2001) 25 0
slag, 1) S e slapuslS g S cullab 5 colos
ol g )3 (Sl 08 Jo slapunslS )y S g 1529500
5 03903 o Joloee iy 5 jhud (g 2l olie polis
Arancon et al., ) 3¢ o0 £ly; olS 3,Slas 9 A3 (639500 Caw

(2004

O 313 Lgus ol S Sy g Cugboy (slyime ialS laice
gy Lials . (Turkan et al., 2005) wlos S 5155 1, (S
Jelge 5l (LS ansla 5l 355 g s liee Gl g ) cld
la i as b b s ol (lee ual S s
sy s gl «opl  o9Me .(Tarumingkeng & Coto, 2003)
S S (s Cmgb)y gz 58 (9355 slajles ST &S
2308t (s gy (lyiee oyt (3 Jgi2) 292 S e
2sg-Se olyad s CogiaS (ayg 1Se > (5 10 (RS o3
spSon 45 55 ol 5 %ty (4 Jyso) 5 oanlis (7619



1395 cylinne; 4 oylocs 8 il o559l ol pos a1 pii D88

‘Kjoanadsar guedyyuSis ou pue o'0>d pue [0 >d 18 JueoyIUSIS oIV (SU PUB 4 4y

50 s 6 U & L oo oo (o0 B € BR ofomr € avd oS

6¢'¢ 'y 1791 LT9 Sl ¥9°Cl STl s 'S (%) AD
o o (o)
. . . . . . . . ) qroug
w60 IS°1 819081 67'8¢ 9’11 91'0 00 L'e LTS St o =
I9ZI[1)I9J xSSAMS
LCSC . 189 suVYOLLO su VO°ES su 8T 11 sul’0 su 1170 subb'€ suSE01 0l e x sbe
) ) ) ) ) ) ) S[OAQ[ JOZI[1}D ]
89 L. 9E°ST .. LOV86EI .. PS7E9 L £97¢€ su70°0 L 197 suL00°9 W 16°9€1 S 62 e
. . . . . . . . . e lodig
LET oLt P 99GILE 0¥'0LT 96°S¢ 0r'o €50 99°0 S6'11 9 P
SSoNS 19JeM
W1'L99 e €S5SS o L'6850C96 .. P8'8CIE . 08'8LL W 671 W €501 o L6891 4 CE989 4 o S
:ozwo:mom
sulC'l sucO'l 8 T€CTET su PE°0E su68'S su80°0 su ST L. 98°0C suS9°€ € ¢
damyeradwd) dunjeradud) YSIM poridd Sury
MO] SIABIT 31y saAed| PRI urean ure.s [eury ure.is ARRYH sl v
T Suiqy urean ‘O
A e o Nun avds oMA Jp A'O'S
P . o “ ) {9
RO =R sorsie e e o0 ol oy 4«3% ) 4 A _M. o il
@7 E oqS @ H xS 660 e o[ 6o K - e e v sée e el A

JUIUI)EBII) SSAI)S JIJEA PUB JIZI[1)IJ) UBIQAOS JO P[IIA UIR.I3 pue s)ie.a) [ed130[01sAyd auwos 10} (SJA) IJUBLIEA JO SISA[EUR 10J JNSIY -€ J[qE L

b0 A- R ol H G e (Ang? fmm) K7 oo X H (LR € sorslc qp ok of fForfq? 6e5 € op® o9



wlgw (K5elgr 8 Cluogas (B g dild 0o y1 1559500 Tl 9 CuwgueS (0059 5]

589

‘1991 Anpiqeqoad 946 1€ 159} 0ST AQ JUSIYJIP A[JUBdIJIUSIS J0U QI SI9YI9] SWES Y} AQ PIMO][[O} SUBIIA] 4
# 50N )9 < e pce (9 K e (A0 gy o e e BR cCor g vl e

7 6r€ 'S LT €€°0 LEO 1S Te (%) ast
QRIZYIIOIAIA + 1S0dWOTUIId A -BU101
e P'9E1E » 857601 e 11 2 €T€ 4% o L'LE » 66'9L 0 o eyl 605 gotbemn o (|
QRIZYTIOIAA] + JS0dWOOIUIIOA | BYY §
V7126 480701 @ C8'CE L 0T'€ e e SCLE w99YL 0 € o sz 6069 gohoms 4 oK
150dWOdTWIRA | B3 (]
a 1'6SST 4997001 aqe €6'1€ :0T°€ aL€ + 8'9¢€ 20 88°TL 9 o€ gy 667 ooy
1s0dWOoOTWId A LBulS
A 9TLYT > ST'S6 2q 16°0€ . 81°€ ,T€ :9°9¢ > 16°0L 0 9 o€ gyl 66 gotbemry
QRIZUIIOIAIN
A ETI9T 2 SL'T6 2q 60°1€ 2 S0°€ L 1€ e L'9€ 5 98°0L AR
(Jo11u09) J9Z1[1119,] UON
4 877CTT »85°06 5 SE'6T L61°€ »8T 2 9°9€ »6T°L9 w62 sée ()
1oZ1[ 0]
2 b
LS 0y 19711 [4 770 150 LSO vr'T (%5) as1
(wur 0g1) ssons ySiH
> 179561 1 €8°L8 5 L1°9T e V'€ ,6'C 5 S6'€E 5 LT99 e S e Ly A7)
(ww ()Z1) $sa1s MO
46689 486 G CTIE aSTE aS€ A SE°LE A L6°EL 10 SV o (gL AT
(ww (9) uoryeSLUI [BULION
L L'91T€ 229011 e €S°LE aS6'C €Y e 81°6€ L SS9L [ € (o4 7o)
uoneg Ly
2
(,.ey3y) (3ur) Jysrom (Kep) porrad (. Aep-3ur)
EWR ure.n) ureas feury Suiqny ureas 2AnYFH BE_wEE urern .<w« :E«_ ,c H_wm .?\w QBW_ JUdUIBALY,
(SFsocas) (S (c€t) (rgtecteery  TRES SR e e (o) ot
. e sve oy (g
TS qjev OMT e gL Oy el Qe o

JUIUWIEBIL) SSA.I)S II)BM PUR IIZI[1)I9) UBIGAOS JO PAIA ureas pue sjred) [ed130[01sAyd suwios jo uosrieduiod uedp - d[qe ],
b 3- oy A K7 o e HE(Re 6 sonslc g bR of oyl 605 € e



1395 cylinne; & oslod 8 ol o30S owlivis pgs 3 yis D90

WAla (a3 sy

L id (oS G805 slagd )3 4 (45 Sy ot
e ol o (4 Jgae) 1 osalia gy )3 5 e 34 (S0l
3 ccillae ol Solsdl oS > goliie Limgin (slaasl b
4l (i, e g sy (Gholinejad et al., 2012)
)b (Seas s ader | ez belge 4 (g0 (Stsen
oialS Cage (i blyd Jlasl a5 6ok 4 .(Hunt et al.,1991)
Dy a5l (i oy Sy Rl g &b (Ad 0593 Jobo
95 Vool (Sets G Ll 3 als By sy Gl
5 o3l Uy o8 Ll )3 ol oS o381 Su5elsST o)
9035 JolS S |y 293 (S5 432 ((Sid )l pusilSee
Paknjad et al., ) sules o yio 35 @ bl Gy peuds (¢l
(2007

wh 23 059

SIS i aS ol L Wesly wibly o0 il Jols mls
Jsiz) ety 2les 0ig p obiine o B 358 loles
S5 b 205 S 5 3 o S g e S (3
IS D5 e b o)lel s 31 a8 sl s 4 25 Lo 87/83
oy A1 (9 (4 Joan) cudls oyl gae o5kl BB Mo
P e Cdo S ol g 0)h A Shee g9 ) eaiine ]
by B4 agaye e (Sid ay Coglio gl ClLsal
4 aly alspo )3 bgw 45 s ol 51 (Hekmatshoar, 1993)
a5 ahar oo Jole o il o olus o 35008
OielS a5 53 5 gl glaJshs Sl (1Rl s lapme
sleles Jlesl (Quarrie & Jones, 1979) 545 o 4l ()39
O 45 (6 gl & el it 535 Wb aled 3 2 38 6255
e 4 oS e 109/58 Sl b Fo ylews o aily oleg (339
9 CwggaS a)9 S03gS il oolital dusy oo a5 (4 Jgue) el
SYsb 538 Lulyd Sgutp L (edli 90 & Loguasin I3 )5Sen
o yiad CablB (iolisl g aily &y (g 5tuogid dlgo el 0ygd (40,8
ol 5 1y a0l i a3 i polis LSl ¢ ulie puolie
59 ooy LT Lilidl an oo coles jd el opl a5 wlas b
03,5 (Fr) aali jlos & o Fo jlos o aib oleg

Trdad g yls vae

T Jedg S dae day 4y (28 dls o 5l a5 Jlesl b
ol e o jieS il ialS bgw olS 5 (S (Kijew olie)
G 45 05 oanliie 33195 e L s 55 Jlews o adlid
2 stelie i ol (4 Joun) 39 528 14 5900 sl Jlos 4
St i Iyl pd oS col OT il S Olb)i.h'éi olS (g9,
i il b oS Jls js bl ioli8l g Jids IS das (Mo
30 g 80,18 d0e 5 0ud atwlS S jew KUy G oS
(Kafi & Rostami, 2007) b, o ials

S s o pad L

0235 bl 1 oS (5 il oo (slaSilie duglio
e b s (oylol Jolgd ialisl b a8 sl o)lis Sy pedaws
Oy 8L (a8 Sy s (a3l (o Sl ialS g s
0 g Jloy ilel less 13 oy & Cdio oyl lixe (508
sobie Gimgh (claail b does opl (4 Jgas) i oanlie
o Lials (Diepenbrock, 2000) s, coillas 131 oLS 5
aS 13k oS 19,0 1 (6,505 slaanld 5l ol Wlg e 395 Sy
Lo 1 15 Cogn sl b ol ol gt &) by yo bses
Slazge ;500 Bl jl g Bgd oo (Suid 5 Lulyd 3 jSasS
Wright et al., ) s o waly3 aego 5l 15395 1) Sy Jlg;
4 Fs 355 Jlo )3 55 Sy aw padls Mo oyt (1995
b me (gylel M3 Fs jlawi b (gylel i 51 48" el cmd
CwgpeS ayg 45 03> L Calisee lisios (4 Jods) cuilys
ol i g5 Sy o (a3ls 5y i stae g St 5T
v yasls Hlde oy i (Hasanuzzaman et al., 2010)
g 9 Jon 5 Sland g o )3 (otalofl 3 Ligw S
3l U 3o pols wyp , (Rezvani et al., 2011) sl con
Wl 4y G S o (aSlS CuvgeeS 00y 9 119500 365
bolyd sgm aoet ool Jletsl > ety (St Gl B
5 g8 ol s 1 53 ol Loy S5 lié polic g ol Los
Lol &5 039 oL oy 2y (I3l Julge oyl cuto il
ol 0 08 slacS y o (Eol58l 4 e



OOL L gus Su3slps jud luoguas (o5 3 &ls 3 ,Khos 3 133,950 geali § ComgpoS 5059

o3l halS b Sl an 4y (S Al g9, 5l S L1
Tl pie (- omed 5 S gaw doly )3 Slegid g S gaw
ol S 1y sl 5y Sloe oy 1yjs 9 by 090 LialS daasly
@y ol alS o 0 (6,5 Kkl lawgl ased opl . cawl 00l
Pirasteh ) el oai o)l35 o)b, KLl 4 (Zea mays L.)
oS 13 (6,503 Limgh , .(Eck, 1986; Anosheh et al., 2010
2 Slos o 1y 3 Blis o) alsje > (S5 BT oo, Sl
Aoy 0 5 Jlesll p aib o Slas jials oy iy g amsly b
il 3,8kes (6355 (slaylewi o 5> -(Rashidi, 2005) sgy il
3148 390 bnjlaws ol 1yt (,1Sa 3 p,5°9LS 3136/4) Fo jlows
28 Joan) il (gls e MBI Fs jlos b slel s
S5 ol 12)9-Se oo &) CuogeoS (09 (il (sl
9 e Gk il g 039 (2l1d polie (g5l CungeeS 0
Gl Jhli8laond )3 g peliee 415 Coage ddy) Ab) S0

Dadiee ab IS 5 Slas (il o St ole ¢iiwgis o

Sl S 1 sles ol 30
9 8395 gokaw 2l o5 G5 Gilly 4328 Jg el 2
Sl iy 9395 o 9 (2leS G5 e 1 ipan
A3 (3 Jgi2) 292 bosine bigw i3 ol 5 YL slacS
9 YL S &l Gl 5355 gobaw 5 S L1 Jilie
IS D5 3 6355 s o5 39 Gl 5 (S Lge S by
5 Jgia) sl SuaSy b (gl gime (silel glis a8 5 oMo

il H30 Gadi g3 0,94 Job

s less 53 Lo s 5o (08 0 0)93 Jsb (line (1 pieS
ol 4ol 4 dogi b (4 Joa) w5 saalia (59, 26/17) s
Job ials cad 03,8 cdbyd (oS s Of (25l aw Lo
S GBI (polde imgh 53 09 (i BB (0D 5 0)9
b mals b, Kbl &by She ad p 0ygd Job Suis i
i3I b olyen il i 0490 ials”.(Jabari et al., 2010)
O g 2Bboe (=i QLS )3 Sl ohy S &l By Ceepu
A s i bls a5 Slae o] s o5 el >
Ehdaie & Waines, ) cul 48,5 1,3 ST 590 (it Laslyi
e 53 5 40 Fhe a5 2 o) Jgbo Mo oy (1996
Fs jlei b colol jlas jl oS aol cows a9 34111 lise b Fo (o568
i SV b Jlansl s (4 Jgin) cutls ()b ime S5
oilidlan pleSe 1) Baos (nl 55 & J5e (0D 0995 Jsb
sladgs aal By me , 5l 0 plie polie wyies coblB
213 o 1559800 g CangraS 059

dily o Slac
et 6355 sloles 5 )kl o b Cow b 3 Sles
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Table 5- Analysis of variance slicing of interaction of water stress and fert on the temperature rate of upper and
lower leaves of soybean

el 1Sy led

&)l @3ljl aa p Dy YL GBS 2 (slod
Ny
Irrigation df Temprature of leaves up Tempra(tjure of leaves
own
(o 60) oy
Normal irrigation (60 mm) 5 0.34"™ 0.83™
(ocden 120) oMo oS 5
Low stress (120 mm) 5 12” 6.49”
(o e 180) s T o s
High stress (180 mm) 5 26.63" 2.4

Gl g pis g 2oy a9 S slad Jlais] pdaw )3 ) ise i3 4 NS g

*% ‘*

** *and ns: Are significant at p< 0.01 and p<0.05 and no significant, respectively.
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Table 6- Average comparison of tempreture of up and down leaves of soybean in fertilizer levels in each
irrigation level

LSy sl LS 5 sbd

. T &35 o
(”‘-_’l”)_‘s’l"fl sl Fertilizer treatment Yo o=l
Irrigation (mm) Temperature ~ Temperature
of leavesup  of leaves down
(°C) ot 5 il an >
: (s2ld) 2 o 25.22% 22.40°
(520 dse 60) Jloys (55l Non Fertilizer (control)
Normal irrigation (60 mm) \}i,,s,,ﬁ_ 25 g7¢ 99 978
Mycorrhziae
SesgeeS )3 05 O 25.92° 2255°
5 t.ha* Vermicompost
oSy 7 10 25.56° 23.15°
10 t.ha™ Vermicompost
‘f)?s“+w9“sgr°)5«)‘5 2543 22353
5 t.ha™® Vermicompost + Mycorrhziae
lgSeo ¥ CesgiaSizery 510 25.32° 23.35°
10 t.ha™ Vermicompost + Mycorrhziae
; (s0L5) 35 s 30.57° 30.62°
(oo 120) oMo oS i Non Fertilizer (control)
Low stress (120 mm) \}i,,s,,ﬁ_ 98.17" 99.92
Mycorrhziae
SosgeeSizery 059 28.75" 30,05
5 t.ha™ Vermicompost
Sy 5 10 27.77" 29.15"
10 t.ha™ Vermicompost
et Sy 5 26.07° 27.77%
5 t.ha™ Vermicompost + Mycorrhziae
gt S sy 5 10 25.97° 2752°
10 t.ha™ Vermicompost + Mycorrhziae
; (sal) 255 o5 38.07° 34.07°
(520e 180) s oS i Non Fertilizer (control)
High stress (180 mm) b;,,,ﬂ,,ﬁ_ 35575 33.40"
Mycorrhziae
Sty 539 36.9% 33.65"
5 t.ha™ Vermicompost
Sy 5 10 34.62° 33.22°
10 t.ha™ Vermicompost
‘f)?s""’+ ""“’9‘“56")50‘5 321d 32200
5 t.ha™® Vermicompost + Mycorrhziae
‘f)?s""+ ""“’9"“5@)50’10 316d 32170

10 t.ha™ Vermicompost + Mycorrhziae
5 deoyd iy Jleis] gdaw 53 LSD ygnjl olil 1 (53 sime S ailiio Gy (il (glnpysSilio ™
* Means followed by the same letters are not signicantly different by LSD test 5% probability level.

0 By iwgid plool b jloen oLS 5wl 5L olS (sladsj, 2 8355 zokaw 4 S 2l LS byyley (ke duslio zls
03l g5 g olS 5% jad B8 ol des oS dad o plodl Gy il w2 b )b gxe ()bl MBI Jloy (gl Lalyis
o bulps 3 oS Jls > (Reynolds et al., 2000) cul Siis S G e balpd ) wenl oS 50 oaiS S S g sl
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Introduction

Moisture limitation is considered as one of the important limiting factors in soybean growth. Drought stress
affects different aspects of soybean growth through making anatomical, physiological and biochemical changes
(Tarumingkeng & Coto, 2003). Under dry tension condition, there will be a disturbance in transmitting nutrients,
but some useful soil fungi such as mycorrhiza improve production of crops under stress through forming
colonies in the root and boosting water and nutrient absorption (Al-Karaki et al., 2004). Using vermicompost in
sustainable agriculture strengthens support and activities of beneficial soil microorganisms (such as mycorrhizal
fungi and phosphate solubilizing microorganisms) in order to provide nutrients required by plants like nitrogen,
phosphorus and soluble potassium as well as improving the growth and performance of the crops (Arancon et al.,
2004).

Materials and methods

In order to investigate the effects of vermicompost and mycorrhiza fertilizers on grain yield and some
physiological characteristics of soybean under water stress condition an experiment was conducted at
Agricultural Research Center of Khorramabad during 2013. The field experiment was carried out based on a
randomized complete blocks design arranged in split-plot with four replications. The experiment treatments
including irrigation in three levels (after 60, 120 and 180 mm evaporation from pan class A pan), nutrient
management in six levels (non-use of vermicompost and mycorhiza fertilizer, inoculated with mycorrhiza
fertilizer, consumption of 5 and 10 t.ha® vermicompost, consumption of 5 and 10 t.ha™ vermicompost with
mycorrhiza) were respectively as the main plots and sub. In current study, RWC, LAI, SPAD were measured
during 59 days after planting at the beginning of podding of the control treatment. The temperature of plant
leaves were measured by the thermometer (model TM-958 LUTRON infrared Thermometers). To analyze the
growth of grains under different treatments totally 7 samples were performed from flowering to harvest through
checking the process of grain weight changes and final grain weight were determined during physiological
maturation (when dry grain weight is fixed or changes are not significant). Filling rate and the effective grain
filling period were measured using relevant formula. The grain yield measured at the time of maturing after
harvesting 3 m? per two middle lines in the plot and through eliminating the fringes of the midfield. All statistical
analyzes including variance analysis, comparison of means and interactional slicing using SAS software was
done. Mean comparisons using LSD test at the probability of error of 5% was done.

Results and discussion

The results of this study concluded that by increasing stress intensity, traits of this research with negative
effect on economic performance led to irreparable damage to crop plants. So the lowest grain yield with the rate
of 3216.7 kg.ha™* obtained from 180 mm evaporation. So it is expected to take steps to increase performance by
avoiding or minimizing the impact of stress. So that the combined use of these fertilizers had a positive effect on
reducing plant leaves heat in low and high water stress condition. Most grain yield obtained by combined
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treatment of 5 and 10 t.ha™ vermicompost with mycorrhiza that respectively was 23 and 29 percent more than
control treatment. In response to levels of fertilizer, the highest amount of LAI, RWC, Final grain weight and
effective grain filling period obtained in vermicompost combined with mycorrhiza treatments.

Conclusion

It seems that the use of vermicompost and mycorrhizal fertilizer combination in areas that are subjected to
water stress from improvement of plant physiologic condition can be cause improvement of plant growth
conditioning and obtaining higher yielding. Accordingly, for saving irrigation water and cost inputs, farminq
management and achieving the favorite yield under water deficit conditions, it is recommended to use 5 t.h’
vermicompost with mycorrhiza for growing L;; soybean.

Keyword: Evaporation pan, Grain filling rate, LAI, RWC
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*,**and ns: Are significant at the 0.05 and 0.01 levels of probability and no significant, respectively.
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Introduction

Given the importance of nitrogen for improving the quantitative and qualitative yield of crops (Rodrigues et
al., 2006) and the need for application of chemical fertilizers in intensive agriculture to get the maximum
production, nitrogen supply in adequate amounts by ecologically avowed resources is known as one of the main
challenges during transition from conventional to organic farming (Rodrigues et al., 2006).

Considering the sustainable nitrogen management, reconstruction and rehabilitation of agroecosystems
depends on reduction the nitrogen losses due to leaching, soil erosion and volatilization (Kizilkaya, 2008). For
this purpose, the use of eco-friendly bio based fertilizers that are derived from natural origin, known as effective
and enforceable approaches. In this regards, the proper use of manure and free-living aerobic bacteria of soils,
such as Azotobacter and Azospirillum as well as mycorrhizal inoculation which can be used as a biological
fertilizers, can particularly be considered (Kizilkaya, 2008).

With regard to all mentioned above, the current study was aimed to evaluate the effects of biological, organic
and inorganic resources of nitrogen on yield and yield components of black seed (Nigella sativa L.).

Materials and methods

The field experiment was conducted at Faculty of Agriculture, Ferdowsi University of Mashhad, Iran, in
years of 2009-2010. Experimental site was located in a semi-arid region, Khorasan Province, Northeast of Iran.

The soil texture was silty loam, pH 8.36, electrical conductivity 3.72 dS.m™, total N 0.095% and 0.195% organic
carbon. The available P and K contents were 5.76 and 0.378 ppm, respectively.

Experimental design was arranged by using a completely randomized block design with three replications.
Experimental treatments included chemical fertilizer (urea), urea + nitroxin, urea + mycorrhizae, urea + nitroxin
+ mycorrhizae, urea + biosulfur, manure, manure + nitroxin, manure + mycorrhizae, manure + nitroxin +
mycorrhizae, manure + biosulfur and control.

Plots were designed with 4 m long and 2 m width (8 m?), 0.5 m apart each other. Seed sowin% was done at
18th March on both sides of the furrows. Final plant density was determined equal to 200 plants m™. At maturity
stage, number of branch per plant, number of follicle per plant, seed weight per follicle and 1000- seed weight
were determined based on randomly selection of eight plant. Moreover, grain and biological yields as well as
harvest index of black seed were measured by considering the side effects.

For statistical analysis, Duncan multiple range test (p<0.05) was used to separate the experimental means
using SAS 9.1 software.

Results and discussion

According to the results, effects of urea and cow manure treatments on grain and biological yields of black
seed were significant. However, cow manure, in comparison with urea fertilizer, had more significant effects in
increasing mentioned traits of black seed. For instance, cow manure treatment increased grain yield by 25%,
compared with urea treatment.

Generally, advantages of manure in comparison with chemical fertilizer can be related to the slow and more
balanced release of nutrient contents as well as improving the physical and chemical soil characteristics over
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growing season. On the other hand, the results showed that biological fertilizers had no effects in increasing
grain and biological yields of black seed, except biosulfur treatment.

From the results, there was a positive correlation between 1000- seed weight with grain yield. Moreover,
similar correlations were found between number of branch per plant and grain yield, number of follicle per plant
and grain yield as well as seed weight per follicle and grain yield. Nonetheless, relationship between harvest
index and grain yield was determined as a negative correlation. These results are in agreement with those of
Moradi et al. (2010) who found a significant decrease in harvest index of Fennel (Foeniculum Vulgare L.)
affected by organic and biological fertilizers. It seem that under no application of organic or chemical fertilizers,
black seed mother plants prefer to allocate more assimilation materials to the reproductive growth; therefore,
plant harvest index can be increased possibly.

Conclusion

In sustainable agriculture, applying eco-friendly input can be considered as a principle approach for
increasing plant production. Therefore, in regions with alkalic soils, applying the organic fertilizer (such as cow
manure) and biological biofertilizer (e.g. biosulfure) can be suitable in reducing the problems caused by
consecutive and excessive using of chemical fertilizers.

Keywords: Azotobacter, Azospirillum, Cow manure, Mycorrhizae, Sulfur, Thiobacillus
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Table 1- Economic evaluation of ecosystem services and environmental impacts in wheat fields in Khorasan Razavi
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Fig. 1 -Economic values of ecosystem services and negative impacts of wheat fields as percent from total services in Khorasan

Razavi
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Fig. 3- Relationship between ecosystem value and marketable goods value as function from total dry matter (left) and grain
yield (right) in wheat fields in Khorasan Razavi
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Fig. 4- Relationship between food and feed value (provisioning service) and total ecosystem value (up) and negative impacts
value (down) in wheat fields in Khorasan Razavi
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Fig. 5- Comparison of relativity ration (percent in total) of ecosystem services in wheat fields in Khorasan Razavi with
organic wheat fields (data from Pimental et al., 2005; Sandhu et al., 2008) and mean value of these services in natural
ecosystems (data from De Groot et al., 2010)
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Introduction

Due to its multifunctional nature agriculture play important roles in ecological processes such as carbon
sequestration, flood control, groundwater recharge, nutrient cycling, and purifying water, soil and air in addition
to providing food, feed and fiber. These cover almost all ecological services provided by natural ecosystems,
including provisioning services, regulating services, supporting services and cultural services (MEA, 2005).
Provisioning services are the products obtained from ecosystems, including food, fiber and fuel. Regulating
services are the benefits arising from the regulation of ecosystem processes, such as climate regulation, water
purification, pollination and the control of pests and diseases. Cultural services are the non-material benefits
people obtain from ecosystems, as spiritual enrichment, recreation and aesthetic experiences. Supporting services
are those services necessary for the production of all other ecosystem services, such as soil formation and
nutrient cycling (Norris et al., 2010). However, most of these services are not recognized and their values are
hidden to the society. On the other hand, unlike natural ecosystems that only produce positive ecological
services, agro-ecosystems also contribute to some negative externalities e.g. emission of greenhouse gases,
leaching of chemicals into soil and water resources and reduction of biodiversity that should be taken into
account (Norris et al., 2010). Economic valuation of these services makes them attractive for the society and
policymakers to pay more attention towards conservation of ecosystem services. In Iran, studies on ecosystem
services are scared and in global scale researches are mainly focused on natural ecosystems. In this study the
economic value of ecological services as well as negative environmental externalities of wheat fields were
estimated in the Khorasan Razavi province.

Materials and methods

Information was extracted from questionnaires collected from 40 fields varying in area, management and
inputs level. Using these data economic value of feed and food, carbon sequestration, oxygen production,
biodiversity, water retention and tourism together with greenhouse gas emission and nitrogen and phosphorous
leakage as environmental externalities was quantified. Calculations were based on standard methods described
by Millennium Ecosystem Assessment. Economic values were estimated as international dollar as proposed by
De Groot et al. (2012) and reported as equivalent national price.

Results and discussion

The mean value of the total agroecosystem services of wheat fields excluding externalities, were estimated as
66.85x10° RlIs.ha™.y™. The value of non-marketable services was 3.46 times more than food and feed and on
average atmospheric services (oxygen production and carbon sequestration) contributed up to 62% of total value
while biodiversity and provisional services included 9.3 and 21% of total, respectively and the other services
below 5%. Net value of services was increased with increasing field size. However, doubling field size resulted
in 50% increase in net value because larger fields were more intensified leading to higher negative impacts.
Economic value of services was significantly dependent on wheat total dry matter and yield. Nonlinear relation
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was found between wheat yield and total value of services where a break point was found at yields above 4 t.ha
! However, negative externalities were increased linearly with increasing both total dry matter and grain yield.

Conclusion

Results of this study indicated that despite to intensive management wheat production systems of Khorasan
province are able to provide several regulating and supporting services and their economic value is 3-4 folds
higher than provisional services harvested as grain and feed. However, negative externalities will be increased in
more intensified fields with higher yield. Feeding a growing human population is obviously critically important
and can only be done by recognizing and embracing the concept that food production systems are embedded
within ecosystems. They depend on ecosystem services and have ecosystem impacts. Promotion of
multifunctional characteristics of agroecosystems to maintain high yield together with ecological services,
should be considered as an alternative for conventional management practices.

Keywords: Biodiversity, Economic value, Ecosystem services, Environmental externalities
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Introduction

Corn (Zea mays L.) is the third most important cereal crop in the world after wheat and rice (Lashkari et al.,
2011). Corn production has been extended in to the whole world during the course of the last century due to its
compatibility. It has more diversity compare to other cereal. Many corn types are cultivated, including field corn,
ornamental corn, popcorn, sweet corn and several different supersweet corns. Sweet corn, considered a
vegetable, is a special type of corn with particular characteristics, such as sweet taste, thin pericarp and
endosperm with delicate texture, and high nutritional value. It is destined exclusively for human consumption, in
fresh form or in processed foods, whereas the straw can be used for silage after harvest (Santos et al., 2014).
Sweet corn seeds germinate slowly and exhibit poor seedling vigour. Poor germination in sweet corn has been
attributed to low seed vigour and susceptibility to seed and soilborne diseases (Ratin et al., 2006). Seed priming
is the one of efficient method to improve germination and emergence. In addition, transplanting provides optimal
environmental conditions for seed germination and avoids planting seeds in disease-contaminated soil (Khalid et
al., 2012).

Materials and methods

To investigate the effect of seed priming and transplanting on morphological characteristics, yield and yield
components of supersweet corn a series of greenhouse and field experiments were conducted in a factorial based
design on a randomized complete block in 2013. This experiment was conducted in the greenhouse to determine
the best seed priming treatments. The treatments were hydro priming, Poly ethylene glycol (6000) -0.4 and -0.8
MPa, Sodium Sulphate 0.1 and 0.5%, Zinc Sulphate 1 and 0.5%, Copper Sulphate 0.1 and 0.5% and Control for
36 hours. After that the seeds washed by distillated water and dried back in laboratory conditions. Then treated
seeds were sown in trays that contained by cocopeatand vermicompost. The emerged seeds were counted daily
for fourteen days. Based on mean emergence time (MET) and percentages of emergence, the best priming
treatments were selected to prime the seeds for transplant production and direct sowing in the field experiment.
The factors for field experiment included four treatments of seed priming (hydropriming, polyethylene glycol
(PEG) -0.4 MPa, sodium sulfate 0.1% and control) and planting methods in four levels (transplanting the
seedlings grown in two different cell sizes (25 ml and 100 ml) and two direct seeding dates (the first one was at
the time of planting seeds in the trays (5" June) and the second was at the time of transplanting to the field (26"
June)). The determined parameters were established plants, plant height, number of leave, number of leave
above ear, ear length, number of rows per ear, number of kernel per row, 1000 seeds weight and grain yield.

Results and discussion

The results of greenhouse experiment showed that the highest and the lowest amount of mean emergence
time related to control and Sodium Sulphate 0.1% respectively. The highest percent of emerged plant (94%) was
observed in the hydropriming treatment while there was no significant difference between hydropriming,
Sodium Sulphate 0.1 % and Polyethylen Glycol -0.4 MPa. Therefore, hydropriming, Sodium Sulphate 0.1 % and
Polyethylen Glycol -0.4 MPa alongside control were used to prime the seeds sowing in order to produce
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transplants for the field experiment for further investigation. The results of the field experiment showed that seed
priming had no effect on the studied traits in the field. Planting methods had significant effect on crop
establishment, plant height, number of leave, number of leave above ear, ear length, number of rows per ear,
number of kernel per row and the grain yield. The highest and lowest grain yield were recorded for transplanting
in 25 CC cell sizes (10.11 t.ha™) and direct seeding in 26th June (6.5 t.ha™) respectively. The result showed there
was a high correlation (r =0.64**) between number of established plants and grain yield.

Conclusion

Priming was not useful in field, but farmers could use seed priming to produce seedlings. It seems that the
most important benefit of transplanting is obtaining high value of plant establishment in order to achieve
optimum plant density.

Keywords: Hydropriming, Emergence, Osmopriming, Planting method
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